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A b s t r a c t
Chemical a n a l y s i s  of  Calea t e m i f o l i a  v a r .  c a l y c u l a t a  (syn.  Calea 
h y p o le u k a , Calea s a l m a e f o l i a , and Calea a l b i d a ) y i e l d e d  t h e  known 
s e s q u i t e r p e n e  l a c t o n e  c a l e i n  A (21) and t h e  a t r i p l i c i o l i d e  d e r i v a t i v e s ,  
l l , 1 3 - d y h y d r o - l l a , 1 3 - e p o x y a t r i p i i c i o l  i d e - 8 e - 0 - a n g e l a t e  ( 5 1 ) ,  11 ,13-  
d i h y d r o - l l a , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 e - 0 - m e t h a c r y l a t e  ( 5 2 ) ,  and 9a-  
h y d r o x y - l l , 1 3 - d i h y d r o - l l a , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 e - a n g e l  a t e  (54 ) .  In 
a d d i t i o n ,  t h r e e  new g e rm a c r a n o l id e s ,  8 e - a n g e lo y l o x y - 9 a - [ 2 -  
m ethy lbu tanoy loxy ]  t e m i f o l i n  ( 3 2 ) ,  8 e -a n g e lo y lo x y - 9 -  
a c e t o x y t e m i f o l i n  (33) and f i v e  f u r a n o h e l i a n g o l i d e s ,  9a-  
ac e toxyz exb re v in  ( 3 6 ) ,  9a -hydroxyzexbrev in  ( 3 7 ) ,  83 -an g e lo y lo x y -9 a -  
h y d r o x y c a l y c u l a t o l i d e  ( 3 8 ) ,  9 a - h y d r o x y - l l , 1 3 - d i h y d r o - l l a , 1 3 -  
e p o x y a t r i p ! i c i o l i d e  8 e - 0 - m e t h a c r y l a t e  (55)  and 1 5 - h y d r o x y - l l , 1 3 -  
d i h y d r o - l l a , 1 3 - e p o x y a t r i p l i c i o l i d e  (56) were i s o l a t e d .  The s t r u c t u r e s  
of t h e  new compounds were e l u c i d a t e d  by NMR and-mass s p e c t r a l  methods. 
S i n g le  c r y s t a l  X-ray d i f f r a c t i o n  of  t h e  l a c t o n e s  36 and 55 e s t a b l i s h e d  
t h e i r  m o le c u la r  s t r u c t u r e .  Calea t e m i f o l i a  v a r .  t e m i f o l i a  ( syn .  Calea 
l i e b m a n i i ) p rov ided  t h e  new s e s q u i t e r p e n e  l a c t o n e  2 ,3 - e p o x y c a l e i n  A 
( 81 ) .  Epoxida t ion  of c a l e i n  A (21)  gave th e  e p oxyange la te  
d e r i v a t i v e  (91)  but  no t  t h e  expec ted  2 ,3 - e p o x y c a le in  A (81 ) .
Acid -media ted chromate o x id a t io n  of  8 3 - 0 - a n g e lo y l o x y -9 a - a c e t o x y -  
t e m i f o l i n  (33)  p rov id ed  th e  f u r a n - t y p e  g e rm acrano l ide  (89 ) .
The i s o l a t i o n  and s t r u c t u r e  d e te r m in a t io n  of two new g u a i a n o l i d e s ,  
pum il in  (95)  and 3a-epoxypumil in  (94)  from B e r l a n d i e r a  t e x a n a  and B. 
l y a t r a  a r e  d e s c r i b e d .  T h e i r  s t r u c t u r e s  were de te rmined  by NMR and mass 
s p e c t r a l  methods ,  and s i n g l e  c r y s t a l  X-ray a n a l y s e s .
x i i
Epoxida t ion of d ihyd rosa n ta m ar ine  t o s y l a t e  (119) fo l lowed  by 
t r e a t m e n t  wi th  aluminum i sop ropox ide  gave in high y i e l d  ( l l S ) - l 3 - t o s y l -  
3 a -h y d roxye ude sm a no-4 (15 ) - e no -12 ,6a - la c tone  (111) .  The l a t t e r  compound 
was a l s o  ob ta ined  in good y i e l d  from d ihydro reynos in  t o s y l a t e  (117) by 
Se02 o x i d a t i o n .  Hydrogenat ion of l a c t o n e  111 wi th  Adam's c a t a l y s t  
p rov ide  t h e  ( l l S ) - l 3 - t o s y l - 3 - h y d r o x e u d e m a n o - 1 2 , 6 a - l a c t o n e  (121) .
Based-media ted  f r a gm en ta t ion  r e a c t i o n s  of ( l l S ) - l 3 - t o s y l - 3 -  
h yd roxyeude sm ano-4 (15 ) - eno -12 ,6a - l a c tone  111 and ( l l S ) - l 3 - t o s y l - 3 -  
hydroxyeudesm ano-12 ,6a - l ac tone  (121) us ing  t-BuOK in t-BuOH prov ided 15- 
o xo - sa u s s u re a  l a c t o n e  (112)  and the  hemiace ta l  (142 ) ,  r e s p e c t i v e l y .  
H y d ro b o ra t io n -o x id a t io n  of the  m esy la te  of  d ihyd rosa n ta m ar ine  (115) gave 
a 1 , 3 - e l i m i n a t i o n  p r o d u c t ,  t he  c y c l o p r o p y l - ty p e  ac id  (131) in low y i e l d .
x i i i
Chapter 1
I n t r o d u c t i o n
1
21 .1  S y s tem a t i c  background in th e  genus Calea.
Calea wi th  i t s  app rox im ate ly  100 s p e c i e s  i s  a f a i r l y  l a r g e  genus 
be long ing  t o  the  family  A s t e ra c e a e  t r i b e  H e l i a n t h e a e .  The genus i s  
n e o t r o p i c a l ;  i t s  c e n t e r s  of g r e a t e s t  d i v e r s i t y  i n c lu d e  Mexico,  Centra l  
America,  n o r th e rn  South America,  and B r a z i l .  Most s p e c i e s  a re  shrubs 
wi th  o p p o s i t e  l e a v e s ,  but  the  genus i s  by no means uni form in t h e s e  and 
o t h e r  f e a t u r e s .  Many s p e c i e s  a re  v i n e - l i k e  and a few a re  herbaceous or 
a r b o r e s c e n t ,  and they  vary g r e a t l y  in t h e i r  morphology, or  have 
d i s s i m i l a r  chromosome numbers.  A few s p e c i e s  a re  abundant and weedy 
w h i le  many have r e s t r i c t e d  d i s t r i b u t i o n s  and a re  r a r e .
Calea u r t i c i f o l i a  and C. t e m i f o l i a  a re  w idesp read ,  of ten  f a i r l y  
a bundan t ,  and l a r g e l y  found in Mexico and Cent ra l  America.  P r i o r  t o  a 
morphological  s tudy by P r o f e s s o r  Urba tsch and coworkers ,  Department  of  
Botany ,  Lou is iana  S t a t e  U n i v e r s i t y ,  numerous s e g r e g a t e  t ax a  had been 
proposed f o r  both s p e c i e s .  P r e s e n t l y ,  they  recogn ize  two v a r i e t i e s  in 
_C. u r t i c i f o l i a  and f o u r  in C. t e m i f o l i a .* Based on our  r e c e n t  chemical 
s t u d y ,  C. u r t i c i f o l i a  and C. t e m i f o l i a  a re  n e a r l y  i d e n t i c a l  in t h e i r  
s e s q u i t e r p e n e  l a c t o n e  c o n s t i t u e n t s .  These f i n d i n g s ,  a lo ng  wi th  t h e i r  
l a r g e l y  sympat r i c  d i s t r i b u t i o n s  and suspec ted  h y b r i d i z a t i o n ,  suppor t  the  
c lo s e  r e l a t i o n s h i p  of  t h e  two s p e c i e s .  The name _C_. t e r n  i f  ol i a  has 
p r i o r i t y  over  a l l  o th e r s  in t h e  complex i n c l u d in g  C. p r i n q l e i , C. 
z a c a t e c h i c h i , C. a l b i d a , C. hypoleuka and C. s a l m a e f o l i a .* Calea 
t e m i f o l i a  i s  a m orp h o lo g ic a l ly  v a r i a b l e ,  w ide - r a ng ing  s p e c i e s ,  
o c c u r r i n g  from n o r t h e a s t e r n  Mexico t o  n o r th e r n  Costa  R ica .  The chemical 
s t u d i e s  of  va r ious  v a r i e t i e s  of  Calea t e m i f o l i a  form th e  body of 
d i s c u s s i o n  in t h e  second c h a p t e r  o f  t h i s  d i s s e r t a t i o n .
1 . 2  S e s q u i te rp en e  l a c t o n e s  in the  genus C a le a .
3
S e s q u i t e rp e n e s  a re  among th e  most u n i v e r s a l l y  d i s t r i b u t e d  n a t u r a l l y
o c c u r r i n g  compounds in h ig h e r  p l a n t s .  They possess  a wide range of
s t r u c t u r a l  v a r i a t i o n  and t h e r e f o r e  have p rov ided an almost l i m i t l e s s
f i e l d  of  chemical  i n v e s t i g a t i o n .  The s u b c la s s  of s e s q u i t e r p e n e  l a c t o n e s
a re  f a r  l e s s  widely d i s t r i b u t e d ,  o c c u r r in g  predominant ly  in t h e  family
? 3A s t e ra c e a e .  With n e a r l y  1500 compounds known to d a y ,  * s e s q u i t e r p e n e
l a c t o n e s  d i s p l a y  c o n s i d e r a b l e  s t r u c t u r a l  d i v e r s i t y  r e s u l t i n g  from a
v a r i e t y  of c y c l i z a t i o n s ,  r i n g  f i s s i o n s ,  o x i d a t i o n s ,  r e d u c t i o n s ,  e t c .
B i o g e n e t i c a l l y ,  s e s q u i t e r p e n e  l a c t o n e s  a r e  d e r ive d  from f a m e s y l
pyrophosphate  (1)  which upon c y c l i z a t i o n  and subsequent  b i o m o d i f i c a t i o n s
lead  t o  t h e  va r ious  s k e l e t a l  t y p e s .  The p o s s i b l e  b i o g e n e t i c
r e l a t i o n s h i p s  of  the  fou r  subgroups of ge rm acrano l ides  (2 t o  5) and t h e
eudesmanolide ske le ton  (6)  a re  shown in Scheme 1-1.
To d a te  about  21 t ax a  of t h e  genus C a l e a , e leven s p e c i e s  and ten
v a r i e t i e s ,  have been i n v e s t i g a t e d  c h e m ic a l ly ,  y i e l d i n g  over 60
s e s q u i t e r p e n e  l a c t o n e s .  Most newly i s o l a t e d  compounds from Calea
sp e c i e s  r e p r e s e n t  ge rm a cro l id e s  (2) [ 1 ( 1 0 ) - t r a n s , 4 - t r a n s -
c y c l o d e c a d i e n o l i d e s ]  and mainly h e ! i a n g o l i d e s  (4) [1 - ( 1 0 )  - t r a n s , 4 - c i s -
c y c l o d e c a d i e n o l i d e s ]  and t h e i r  b i o g e n e t i c  d e r i v a t i v e s .  Table  1-1 l i s t s
t h o s e  s p e c i e s  and v a r i e t i e s  t h a t  have been chem ica l ly  examined along
wi th  t h e  numbers and s t r u c t u r a l  types  of  compounds found in each taxon .
H e l i a n g o l id e s  and t h e i r  b i o - d e r i v a t i v e s  a r e  common c o n s t i t u e n t s  in
most Calea s p e c i e s .  Eudesmanolides  a re  more r e s t r i c t e d  and have been
l ?found t o  be t h e  major c o n s t i t u e n t s  of  C. r o t u n d i f o l i a  from B r a z i l .
Scheme 1-2 shows th e  b i o g e n e t i c  r e l a t i o n s h i p s  of  the  12 s t r u c t u r a l
t r a n s , t r a r . s - f a r n e s y l  py rophospha te  Q )
g e rm acrano l ide  (2) eudesmanolide  (EU) (6)
m e l a m p o l i d e  (GM) Q )
c i s , c i s - g e r m a c r a n o l i d e  (GC) (£)
Scheme 1-1 .  B io g e n e t i c  r e l a t i o n s h i p s  o f  s k e l e t a l  types  of  
ge rm acrano l ides  and eudesmano lide .
5Table  1 -1 .  S e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  from th e  genus C a lea .
Taxon No. of  compounds and s t r u c t u r a l  type
Ref .  SG FH EU
C. t e m i f o l i a  var.
z a c a t e c h i c h i 5 2
6,7 4
8 3 4




C. p i l o s a  Baker 11 1 15
C. mori i  H. Rob. 11 6
C. r o t u n d i f o l i a  (Less )  Baker 12 3
C. t e u c r i f o l i a  (Gardn. )  Baker 13 1
C. scab ra 5 no l a c t o n e s
C. l a n t a n o i d e s 14 1
C. t e m i f o l i a  v a r .  c a l y c u l a t a 15 3
16 2
17 6
C. t e m i f o l i a  va r .  t e m i f o l i a 23 3
C. h i s p i d a  (DC.) Baker 18 1 4
C. hymenolepis  Baker 19 2
C. o x y l e p i s  Baker 20 3
C. p i n n a t i f i d a  Banks 21 1
6Table 1 -1 .  S e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  from the genus C a l e a .
Taxon No. of compounds and s t r u c t u r a l type
Ref.  GG FH EU
C. augus ta 22 7
C. new sp. 13 1 4
Germacrano l ides  (GG), F u r a n o h e l i a n g o l id e s  (FH), Eudesmanolides (EU).
7subgroups wi th  i n c r e a s i n g  b i o g e n e t i c  com plex i ty .  These s k e l e t a l  types  
of  ge rm acrano l ides  which have been found in Calea s p e c i e s ,  may be 
d e r iv e d  from a common p r e c u r s o r ,  t h e  h e l i a n g o l i d e  (7) and i t s  
m o d i f i c a t i o n  p ro d u c t s  18-20.  Germacranol ides  10, 11 may have been 
d e r iv e d  from p r e c u r s o r  9 by lo s s  of  water  and subsequent  e p o x i d a t i o n ,  
r e s p e c t i v e l y .  Hemiketal  formation  of d ik e to n e  20 would l ea d  t o  the  
fu ranone  (13 ) .  Subsequent  l o s s  of water  from 13 would produce furanone  
h e l i a n g o l i d e  d e r i v a t i v e s ,  t h e  a t r i p l i c i o l i d e s  Q 4 ,  16, and U ) ,  and 
z exbrev in  type  r in g  s k e le to n  (15) .
One i n t e r c o n v e r s i o n  performed in our l a b o r a t o r y  i s  p r e s e n t e d  here 
as an in v i t r o  model r e a c t i o n  f o r  t h e  fo rmation  of the  
f u r a n o h e l i a n g o l i d e  s k e l e t o n  from t h e  p o s s i b l e  b i o g e n e t i c  p r e c u r s o r  of 
s t r u c t u r a l  type  19. For example,  a c id -m ed ia ted  o x id a t io n  of  83- 
angel  o y l o x y - 9 a - a c e t o x y t e m i f o l i n  (33) produced t h e  f u r a n o h e l i a n g o l i d e  
(89) presumably via  t h e  i n t e r m e d i a t e  d ik e to n e  (87) and th e  hemike tal  88 
( see Scheme 2 -2 ,  page 32) .
F ig u re  1-1 t a b u l a t e s  the  known s e s q u i t e r p e n e  l a c t o n e s  which have 
been i s o l a t e d  from Calea s p e c i e s .












♦ S t r u c t u r a l  types  shown in b rac k e t s  have not  y e t  been 









9Table  1 -2 .  Common e s t e r  s i d e  cha ins  in th e  genus Ca lea .
S t r u c t u r e  of  
s i d e  chain Type of  E s t e r Abbrev ia t ion
H3
a c e t a t e  
i s o b u t y r a t e  
m e t h a c r y l a t e  
i s o v a l e r a t e  
s e n e c i o a t e  
2 -m e th y lb u tan o a t e  
t i  g l a t e  
angel a t e
Ac








Figu re  1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from th e  genus Calea.
HO
C a l e i n  d e r i v a t i v e s R R* Ref
( 2 1 ) C a l e i n  A OAng OAc 6,  15 ,  23
( 2 2 ) C a l e i n  B OAc OAng 6
( 2 3 ) C a l e i n  C OMac OAc 7.  8
( 2 4 ) C a l e i n  D OAc OMac 7 .  8 ,  21
( 2 5 ) C a l e u r t i c o l i d e - '
[ 2 - m e t h y l a c r y l a t e ] OMac OMac 8 ,  9 ,  10
( 2 6 ) C a l e u r t i c o l i d e - a n g e l  a t e OAng OMac 8,  9
( 2 7 ) C a l e u r t i c o l i d e - i  s o b u t y l a t e OiBut OMac 9
( 2 8 ) OMac OiBut 8
( 2 9 ) OMac OAng 8
( 3 0 ) OTigl OAc 8
( 3 1 ) OAc OTigl 8
11




T e m i f o l i n  d e r i v a t i v e s ____________________ __R___________IV________ Ref.
(32) 8£ -Ange loy loxy-9a-
[ 2 - m e t h y l b u t a n o y l o x y ] - t e r n i f o l i n  iBut  Ang 15
(33) 8B-Angeloyloxy-9a-
a c e t o x y t e r n i f o l i n  Ac Ang 15, 23
Zexbrevin d e r i v a t i v e s  R R1 Ref .
( 3 4 ) Z exbr ev in H OMac 8
( 3 § ) H OTigl 8
( 3 6 ) 9 a - A c e t o x y z e x b r e v i n OAc OMac 16
(3Z) 9 a - H y d r o x y z e x b r e v i n OH OMac 17
( 3 8 ) 80-An g e l o y l o x y - 9 a - h y d r o x y
c a l y c u l a t o l i d e OH OAng 17
12
Figure 1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from t h e  genus C a le a .
(C on t inued ) .
A t r i p l i c i o l i d e  d e r i v a t i v e s  R_ JiL J i l  Ref
(39)  Calax in OMac H H 4, 11, 13,
22
(40)  8 3 - A n g e l o y l o x y a t r i p l i c i o l i d e  OAng H H 11, 13,
14, 19, 22
(41J 8 3 - T i g l i n o y l o x y a t r i p l i c i o l i d e  OTigl H H 11, 22
(42) 93-Hydroxyat r i  p i i  c i  o l i  d e -8 - 0 -
angel a t e  OAng OH H 11, 18, 22
(43)  9a -H ydroxya t r i  p i i  c i  o l i  d e -8 -0
t i g l a t e  OTigl OH H 11, 22
(44)  9 3 - H y d r o x y a t r ip i i  c i o l i d e - 8 - 0
m e t h a c r y l a t e  OMac OH H 9,  11
(45)  83-Ange loy loxy-15-hydroxy-
a t r i p l i c i o l i d e  OAng H OH 8,  18
(46)  8 3 - [ m e t h a c r y l o y lo x y ] - l5 - h y d r o x y -
a t r i p l i c i o l i d e  OMac H OH 8
(47)  83 - [ T i g l i n o y l o x y ] - l 5 - h y d r o x y -
a t r i p l i c i o l i d e  OTigl H OH 8
(48)  9 a - [ I s o v a l e r y l o x y ] - l 5 - h y d r o x y
a t r i p l i c i o l i d e - 8 - 0 - [ m e t h a c r y l a t e ]  OMac OVal OH 9
13
Figu re  1 -1 .  S e q u i te rp en e  l a c t o n e s  known from th e  genus C a l e a .
(Cont inued)
R R1 R1 Ref.
(49) 9 a - [Senec i  o y lo x y ] - l5 - h y d r o x y -
a t r i p l i c i o l i d e - 8 - 0 - [ m e t h a c r y l a t e ]  OMac Osen OH 9
(50) 9 a - [ A n g e lo y lo x y ] - l5 - h y d ro x y -
a t r i p l i c i o l i d e - 8 - 0 - [ m e t h a c r y l a t e ]  OMac OAng OH 9
A t r i p l i c i o l i d e  d e r i v a t i v e s
(51)  11»13-Dihydro-11 a ,13 -epoxy -
a t  r i  p i i  c i  o l i  de -83-0 -an  gel a t e
(52)  11 ,13-Dihydro-11 a , l 3 - e p o x y -
a t r i  p i i  c i  o l i d e - 8 g - 0 - m e t h a c r y l a t e
(53)  1 1 ,1 3 - D ih y d ro - l l  a -13 -epoxy-
a t r i p l i c i o l i d e - 8 e - 0 - t i g l a t e
(54)  9a -H y d ro x y - l1 , 1 3 - d i h y d r o -
11 a , 1 3 - e p o x y a t r i  pi i c i o l i  de-  
8 e - 0 - a n g e l a t e
R R1 R" Ref.
OAng H H 11,  13, 17
OMac H H 11, 13, 17
OTigl H H 11
OAng OH H 11, 17
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F igure  1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from th e  genus C a l e a .
(Continued)
R R1 R" Ref
(55) 9 a -H ydroxy - l1 , 1 3 - d ih y d r o -
11 a , l 3 - e p o x y a t r i p i i  c i  o l i  de
8 3 - 0 - m e th a c r y l a t e  OMac OH H 11, 16
(56) 1 5 - H y d r o x y - l l , 1 3 - d i h y d r o -
11 a ,  13 -e p o x y a t r i  p i i  ci  o l i  de-
8 3 - 0 - a n g e l a t e  OAng H OH 17
(57) 9a -H ydroxy- l1 , 1 3 - d i h y d r o -
11 a , l 3 - e p o x y a t r i  p i i  ci  o l i  de-
8 3 - 0 - t i g l a t e  OTigl OH H 11
(58)  11 ,13-Dihydro-11 a , 13-epoxy­
a t r i  p i i  ci  ol i d e - 8 3 - 0 - [ 2 - m e t h y l -
b u t a n o a t e ]  iBut  H H 22
(59) 9 a - H y d r o x y - l l , 1 3 - d ih y d r o -
11 a ,  13 -e p o x y a t r i  p i i  c i o l i  de-
8 3 - 0 - [ 2 - m e t h y l b u t a n o a t e ]  iBut  OH H 22
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Figu re  1 -1 .  S e s q u i t e r p e n e  l a c t o n e s  known from th e  genus C a l e a .
(Continued)
R R1 R" Ref
(60)  11- H y d r o x y - 1 3 - c h l o r o - l l , 1 3 -
di h y d r o - a t  r i  p i i  c i  o l i  d e -8 -0  
. an gel a t e  OAng H H 11
(61)  11- H y d r o x y -1 3 - c h lo r o - l l  ,13-
di h y d r o - a t r i  p i i  ci  o l i  d e -8 - 0 -
t i g l a t e  OTigl H H 11
(62)  9 a , 11- D ih y d ro x y - 1 3 -c h lo ro - l  1,
13-di  h y d r o a t r i  p i i  c i  o l i  d e -8 -0  
an gel a t e  OAng OH H 11
16
Figure 1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from the genus C a l e a .
(Continued)
o c
(63) 5-Myrtenyl - 4 , 5 - 1 1 , 1 3 -  
t e t r a h y d r o - 1 1 , 1 3 -  
e p o x y a t r i  p i i  ci o l i  de -8 -0-
angel a t e 11
OH
OC'
(64) 5B-M yr teny l-9a -hydroxy-4 ,5 -
di h y d r o - a t r i  p i i  c i  o l i  de -8 -0 -  
1 fia n g e l a t e .
'OC-
(65) 5 e , 9 a -D ih y d r o x y - 4 ,5-
di hydro a t  r i  pi i c i  ol i d e -8 -0 -  
a n g e la te . ^ ®
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Figure 1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from the genus C a l e a .
(Continued)
R
1 ,10-D ihyrocos tuno l  ide  d e r i v a t i v e s
(66) 33 -A ce toxy -8g -ange loy loxy -
1 , 1 0-di  hydro-1 a -10g-  
e p o x y c o s tu n o l id e
(67) 1 3 ,1 Oa-Epoxy-83-
t i g l i n o y l o x y - 1 , 1 0 - d i h y d r o -  
c o s t u n o l i d e
R R' Ref .
OAc An g 11
H Tigl  12
OR
Ref.
(68) H e l i a n g i n - 3 - 0 - a c e t a t e
(69)  He l iang in
Tigl  OAc 12
Tigl  OH 12,  18,
19
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Figu re  1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from th e  genus C a l e a .
(Continued)
OR*
Z a c a t e c h i n o l i d e  d e r i v a t i v e s  _R
(70) 1o - A c e to x y z a c a t e c h i n o l i d e  H
( Z D  1 a - A c e t o x y - 8 -d e a c y l z a c a t e c h i n o l i  de-
2 - m e t h y lb u t y r a t e  H
(72) 1 0 - H y d r o x y - 8 - d e a c y l z a c a t e c h in o l i d e -
[ 2 - m e t h y l b u t y r a t e ]  H
(73) 1 -E p in iveu in  C a c e t a t e  H
OR
RO''





Z a c a t e c h in o l  i d e  d e r i v a t i v e s ___________________ R___________ RJ__________ Ref.
(74) 1 - O x o - z a c a t e c h in o l i d e  H Mac 5
(75)  l - 0 x o - 8 - d e a c y l z a c a t e c h i n o l i d e -
[ 2 - m e t h y l b u t y r a t e ]  H 2-Mebut 20
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2 ,3 -Epoxyca le in  d e r i v a t i v e s  R____________ RJ__________ Ref.
(Z5) Mac Ang 8
Ang Mac 8
(77) Mac iVal 8
i Va 1 Mac 8
(78) Mac iBut 8
iBut Mac 8
(Z5) Mac Ac 8
Ac Mac 8
(85) Mac Mac 10
(§1 ) Ang Ac 24
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Figure  1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s
(Continued)
OH
known from th e  genus C a le a .
1 p
(82) 83-Tigl  inoy lo xyreynos in
1 p
(83) 8 3 - T ig l in o y lo x y b a lc h a n in  .
(84) 1 0-Hydroxy-8 0 - t i g l i n o y l o x y -
Ip
a r b u s c u l in  .
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Figu re  1 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  known from t h e  genus C a le a .
(Continued)
(85) I s o a t r i p l i c i o l i d e  
19a n g e l a t e  .
(86) C a l e a m y r c e n o l i d e ^ .
Chapter 2.
The i s o l a t i o n ,  s t r u c t u r e  e l u c i d a t i o n ,  
o f  s e s q u i t e r p e n e  l a c t o n e s  from Calea
and chem is t ry  
t e r n i f o l  i a .
22
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In t h i s  c h a p t e r ,  t h e  s t r u c t u r e  e l u c i d a t i o n  and chem is t ry  of  a 
number of s e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  from Calea t e r n i f o l i a  var .  
c a l y c u l a t a  and C. t e r n i f o l i a  v a r .  t e m i f o l i a  a r e  d e s c r i b e d .
2.1 I s o l a t i o n  of  t e m i f o l i n s  (32 ,  33) ,  zexbrevin  d e r i v a t i v e s  (36 -  38 ) ,  
a t r i p l i c i o l i d e  d e r i v a t i v e s  (55-56)  and 2 ,3 - e p o x y c a le in  A (81)  .
The d r i e d  and ground p l a n t  m a t e r i a l  was e x t r a c t e d  ac co rd ing  t o  t h e  
genera l  p rocedure  o u t l i n e d  in Scheme 2-1 ,  The *H NMR spectrum of  the  
crude syrup  i n d i c a t e d  t h e  p re se nc e  of  v i n y l i c  p ro to ns  c e n t e re d  a t  6 .3  
ppm and 5 .8  ppm, s u g g e s t i n g  t h e  p resence  of  a  -methylene  l a c t o n e s .  
Fu r the rm ore ,  s i g n a l s  between 1 and 2 ppm were i n d i c a t i v e  of  a c e t a t e s  and 
v i n y l i c  methyl groups and methyls  a t t a c h e d  t o  s a t u r a t e d  ca rbons ( 1 . 0 - 1 . 5  
ppm).
S u b s e q u e n t ly ,  t h e  c rude  syrup  was examined by t h i n  l a y e r  
chromatography in o r d e r  t o  de te rmine  th e  approximate  number of 
components and t o  f i n d  a s u i t a b l e  s o lv e n t  system f o r  s e p a r a t i o n  by 
colurm chromatography.  S e p a r a t i o n s  were c a r r i e d  out  as d e s c r i b e d  in t h e  
e x p e r im e n ta l  s e c t i o n  which r e s u l t e d  in t h e  i s o l a t i o n  o f  twelve  compounds 
(see  F ig u re  2 - 1 ) .  Of t h e s e  twe lve  l a c t o n i c  c o n s t i t u e n t s ,  f o u r  have been 
r e c e n t l y  r e p o r t e d  by Bohlmann e t  a l . * * The s t r u c t u r e  d e t e r m i n a t i o n s  of  
e i g h t  new compounds (32,  33, 36-38,  55-56,  and 81) a r e  d e s c r i b e d  in t h i s  
c h a p t e r .  These tw e lve  l a c t o n e s  which were i s o l a t e d  from t h e  va r ious  
p o p u la t io n  of  t h e  s u b s p e c i e s  Calea t e r n i f o l i a  a r e  l i s t e d  in Table  2-1.  
H e r e a f t e r ,  a s s ignm en ts  o f  mass s p e c t r a l  f r a g m en ta t io n  p a t t e r n  n o t a t i o n s  
as given in F ig u re  2-2 w i l l  be used in t h e  d i s c u s s i o n .
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DRY PLANT MATERIAL (1 Kg)
CHCI3  (6 L)
CRUDE EXTRACT
v EtOH (2L)
PLANT FATS (PPT) + TERPENOID SOLUTION
2L-5% Pb(OAc) 2 
TERPENOID SOLUTION + PHENOLICS, CHLOROPHYL (PPT)
REMOVE EtOH vacuo 
OIL + WATER MIXTURE
3X400 mL CHCI3  
w FILTER AND EVAPORATE 
CRUDE SYRUP (1-20 g)
Scheme 2 -1 .  S e s q u i t e r p e n e  l a c t o n e  e x t r a c t i o n  p ro c e d u re .
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Calea t e r n i f o l i a  v a r .  c a l y c u l a t a  ( syn .  C^. hypoleuka)  , 32, 33.
( syn .  C. sa lm aefo l  i a )  36, 55 .
(syn.  C. a 1 b i d a ) 37, 38, 51, 52, 54, 56.
'  "  _ _  -  •  /V .rs. 7  /N .A . *  f t . # * . '  4S ./S .*
Calea t e r n i f o l i a  v a r .  t e r n i f o l i a  (syn. C. 1i e b m a n i i ) 21 ,  33, 81.
Table  2 -1 .  S e s q u i t e rp e n e  l a c t o n e s  of Calea t e r n i f o l i a  v a r i e t i e s  and 
p o p u l a t i o n s .
26




32. 8^ -A nge loxy loxy -9a - [2 -
methy 1 butan oyl oxy ] - t e m  i f o l i n , 
R = iB u t ,  R1 = Ang
33. 8B -ange loy loxy-9o-  




Zexbrev in ,  R = H, R‘ = OMac 
9 a -A c e toxyz exb re v in , R = OAc,
R‘ = OMac
9a-H ydroxyzexbrev in , R = OH, R1 
= OMac.
8 3-An ge loy loxy-9a-Hydroxy-  
c a l y c u l a t o l i d e ,  R = OH, R1 = 
OAng.
F igure  2 -1 .  S e s q u i t e rp e n e  l a c t o n e s  i s o l a t e d  from Calea t e r n i f o l i a .
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5U 11 ,13 -D ihyd ro -11 a , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 e - 0 - a n g e l a t e ,  R =
OAng, R' = H, R" = H.
52. 11 ,1 3 - D i h y d r o - l l  a , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 e - 0 - m e t h a c r y l a t e ,  R =
OMac, R‘ = H, R" = H.
54 . 9a -Hydroxy- l l  , 1 3 - D i h y d r o - l l  a , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 e - 0 -
a n g e l a t e ,  R = OAng, R' = OH, R" = H.
55. 9 a - H y d r o x y - l l , 1 3 - D i h y d r o - l l  o , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 3 - 0 -  
m e t h a c r y l a t e ,  R = OMac, R' = OH, R" = H.
56. 15-Hydroxy- l1 , 1 3-d ihydro-11  a , 13 - e p o x y a t r i p i i c i o l i d e - 8 e - 0 -  
a n g e l a t e ,  R = OAng, R' = H, R' = OH.
OAc





H 0 h - C - LC -C H 2 CH3  
I |' 1 2' 3' 4
B B B 
100 155
I 9  I 9 h 3
H 0 *-C —rc  =  CH—Cl-fa 
|' i 2 ' 3 ' 4
86 69  1 41
1 9  19H3 
H 0 - j  C—jcH =C H 2
1 I' 1 2 ' V
D D D 
116 [99 [ r f
, 9  l9H3 ? H3 
HO—|- C—|C —— -C H
I I V  ,
I l '  12 ' 3
F ig u re  2-2.  Major mass s p e c t r a l  f r a g m en ta t io n  of  e s t e r  s i d e  c h a i n s .
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2.2  The s t r u c t u r e s  of t e m i f o l i n  d e r i v a t i v e s  32 and 33.
8 g - A n g e l o y l o x y - 9 a - [ 2 - m e t h y l b u t a n o y l o x y ] - t e r n i f o l i n  ( 3 2 ) ,  ^ 258350^, 
was a c o l o r l e s s  gum, which d i s p l a y e d  in t h e  200 MHz *H NMR spectrum 
(F ig .  2-3)  two one -p ro ton  d o u b l e t s  a t  6 .29 ( J j  ^  = 2 .0  Hz, H-13a) and 
5.79  ppm ( J j  ^3k = 2 .0  Hz, H-13b) and a broad m u t i p l e t  a t  2 .60 ppm (H- 
7) t h a t  a re  c h a r a c t e r i s t i c  of  an a - m e t h y l e n e - y - l a c t o n e .  An IR 
a b s o rp t io n  a t  1765 cm-1 c o r r o b o r a t e d  the  p resence  of  a y - l a c t o n e  
m oie ty .  F u r th e r  IR bands a t  3450 and 1710 cm"* sugges ted  the  p resence  
of  hydroxyl  and ketone f u n c t i o n s .  The p resence  of two e s t e r  s i d e  cha ins  
in 32 was e v id e n t  in t h e  NMR spectrum; a b s o rp t io n  t y p i c a l  of an gel a t e  
( 1 .7 7 q , 3H, _J=1.5  Hz; 1 .95  dq, 3H,_J=1.5,  7.5 Hz; 6 .13 qq, 1H, _Jj=l . 5 ,
7 .5  Hz) and 2-methyl  b u t a n o a t e  ( 0 . 8 8 t ,  3H; 1 . 1 6d , 3H, J_=6.5 Hz; 1 .42dq,  
2H; 2.38  s e x t ,  1H) were obse rved .  The mass spectrum of  32 v e r i f i e d  the  
above NMR ass ignm ents  showing s t r o n g  peaks a t  m/z_ 85 (A')  and _m/z_
83 (B1). This  was a l s o  suppo r ted  by IR bands a t  1745 ( a n g e l a t e )  and 1725 
cm"* ( 2- m e t h y lb u t a n o a t e ) .
I r r a d i a t i o n  of  t h e  m u t i p l e t  a t  2 .60 ppm (H-7) changed th e  d oub le t  
of  d o u b le t s  a t  5 .94 (H-8 , J_7 g = 1.5  Hz) t o  a d o u b l e t ,  s i m p l i f i e d  t h e  
t h r e e f o l d  doub le t  a t  4 .92  (H-6 , _J7 6 = 3 .5  Hz) t o  a d o u b le t  of  dou b le t s  
and c o l l a p s e d  the  two H-13 d o u b le t s  a t  5 .79 and 6.29 ppm t o  s i n g l e t s .
On th e  b a s i s  of chemical  s h i f t  arguments t h e  a b s o rp t io n  a t  4.92 ppm was 
a s s ig n e d  a proton a t  a l a c t o n i c  carbon whereas  the  s i g n a l s  c e n t e r e d  a t  
5.94 ppm were a s c r i b e d  t o  a proton a t  a carbon c a r r y i n g  an e s t e r  
group.  Double i r r a d i a t i o n  a t  5.94 ppm c o l l a p s e d  the  d o ub le t  a t  5.85 (H- 
9» i s ,  g = 10.5 Hz) th e  chemical  s h i f t  s u g g e s t i n g  t h e  a t t a chm e n t  of the  
second e s t e r  moiety t o  C-9.
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I r r a d i a t i o n  a t  4 .92 ppm (H-6 ) sharpened the  H-7 m u l t i p l e t  a t  2 .60 
ppm to  a broad s i n g l e t  and a f f e c t e d  the  one-pro ton m u l t i p l e t s  c e n t e r e d  
a t  1 .62  (H-5b) and 2.12 ppm (H-5a) which were coupled t o  a m u l t i p l e t  a t  
1 .75  ppm (H-4) .  In r e t u r n ,  i r r a d i a t i o n  of t h e  c e n t e r  of  the  H-4 s ig n a l  
a f f e c t e d  th e  two H-5 a b s o r p t i o n s ,  c o l l a p s e d  t h e  t h r e e - p r o t o n  d o u b le t  a t  
1 .14  ppm (C-4-CH3 ) t o  a s i n g l e t  and s i m p l i f i e d  t h e  t h r e e f o l d  d oub le t  a t  
4.31 (H-3, _J_3 4 = 2 .5  Hz). S a t u r a t i o n  of  the  H-3 s igna l  a t  4.31 
c o l l a p s e d  the  two d o u b l e t s  a t  2 .95  ppm (H-2b, 3 = 6 .5  Hz) and 3.25
ppm (H-2a, _J_2a 3 = 10 Hz) t o  an A ,B - p a t t e m  2b = 1® Hz). The 
chemical s h i f t  of H-3 s u g ge s te d  th e  a t t achment  of a hydroxyl  group t o  C- 
3 and the  a b s o r p t i o n s  n e a r  3 ppm of  t h e  two geminal ly  coupled p ro to n s  a t  
C-2 i n d i c a t e d  t h e i r  p o s i t i o n i n g  next  t o  a carbonyl  f u n c t i o n .
The above NMR da ta  accoun ted  f o r  a l l  atoms in compound 32 excep t  
one of each of ca rbon ,  oxygen, hydrogen and a methyl group as i n d i c a t e d  
by a t h r e e - p r o t o n  s i n g l e t  a t  1 .28  ppm.
Since most C a l e a - d e r iv e d  s e s q u i t e r p e n e  l a c to n e s  possess  a C-l
Q
carbonyl  and commonly c a r r y  a hydroxyl  group a t  C - l 0 , t h e  s t r u c t u r e  of  
t h e  new compound could be t e n t a t i v e l y  fo rm ula ted  as t h e  ten-membered 
r i n g  32 e x c l u s i v e  of s t e r e o c h e m i s t r y  and s i t e s  of  a t t achem en t  of  the  
two e s t e r  g roups .  Due t o  t h e  g r e a t  s i m i l a r i t y  of  t h e  medium r i n g  proton 
*H NMR a b s o r p t i o n s  of  32 and 33 , compound 33 must possess  t h e  same 
r in g  s k e le to n  and d i f f e r  from 32 by th e  absence of t h e  2 -m e th y lb u tan o a t e  
group and t h e  p resence  of  an a c e t a t e  moiety.  (Compare t h e  *H NMR 
s p e c t r a  shown in F igu re  2-3 and F igu re  2 - 4 ) .
The s t e r e o c h e m i s t r y  a t  C-6 , C-7,  C- 8  and C - l 0 of  compounds 
32 and 33 was a s s ig n e d  as H-6 e ,  H-7a, H-8a ,  and C-10g-CHg by chemical
OC
t r a n s f o r m a t i o n  of  33 t o  t h e  fu re n o n e - ty p e  compound 89 .
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Acid-media ted  c h ro m a te -o x id a t io n  of  33 p rov ided  a f t e r  PLC 
s e p a r a t i o n  compound 89 (Scheme 2-2)  which e x h i b i t e d  medium r in g  proton 
s i g n a l s  n e a r l y  i d e n t i c a l  wi th  t h e  NMR pa ram ete rs  of 9a-  
ace toxyzexb rev in  ( 3 6 ) 1®, a n o th e r  C. t e r n i f o l i a  c o n s t i t u e n t  t h e  s t r u c t u r e  
o f  which was e s t a b l i s h e d  by X-ray d i f f r a c t i o n .  The l a r g e  c o up l ing  
c o n s t a n t  (J_g g = 10Hz) f o r  b o th ,  32 and 33, i n d i c a t e d  a n t i p e r i p l a n a r  
o r i e n t a t i o n  of  H-8  and H-9 su g g e s t in g  H-9& in bo th ,
32 and 33 , which i s  in acco rd  wi th  t h e  NMR c o r r e l a t i o n s  of  t h e
/V.A. *
o x id a t io n  product  89 and t h e  X-ray e s t a b l i s h e d  9 a -a c e toxyz e xb re v in  
(36) s t e r e o c h e m i s t r y  (Table  2 - 3 ) .
2 .3  Oxida t ion  r e a c t i o n s  of  compounds 32 and 33.
Oxida t ion  wi th  py r id in ium  ch lo rochrom ate  (PCC) of  l a c t o n e s
32 and 33 r e s i s t e d  r e a c t i o n .  However, a c id - m e d ia t e d  chromate ox ida t ion
A.N A.A. '
of  33 wi th  J o n e s '  r e a g e n t  p rov ided  compound 89 wi th  medium r i n g  proton
s i g n a l s  in t h e  200 MHz NMR (F igure  2-5)  which were n e a r l y  i d e n t i c a l
Pdwith  t h e  s p e c t r a l  pa ra m e te r s  of  zexbrevin  (34) and i t s  d e r i v a t i v e s  
36-38.  The l a t t e r  compounds, which were i s o l a t e d  from o t h e r  
Calea t e r n i f o l i a  c o l l e c t i o n s ,  w i l l  be d i s c u s s e d  below.
A p o s s i b l e  mechanism f o r  t h e  o x i d a t i v e  t r a n s f o r m a t i o n  of
33 t o  89 i s  shown in Scheme 2-2 .  The C-10-hydroxyl  of  t h e  i n i t i a l l y
formed d ik e to n e  (87)  would a t t a c k  th e  carbonyl  a t  C-3 t o  give
hemiace ta l  ( 8§)which a f t e r  l o s s  of  w a te r  would p rov ide  89. The
s t e r e o c h e m i s t r y  of t h e  C-4 methyl in (89)  was e s t a b l i s h e d  by *H NMR
15c o r r e l a t i o n  wi th  9a -a c e to x y z e x b re v in  (36)  (compare da ta  in Table  














Scheme 2-2.  Oxidat ion of  8 B - a n g e lo y 1 o x y - 9 a - a c e to x y te r n i f o 1 in .
33
The d e s h i e l d i n g  of  t h e  a c e t a t e  s i n g l e t  a t  2 .26 ppm in compound 
89 i s  s i m i l a r  t o  ana logs  which had been p repa red  by a c e t y l a t i o n  of 9a-  
h y d r o x y f u r a n o g e r m a c r a n o l i d e s . T h e r e f o r e ,  in compound 33 the  
a t t a chm e n t  of the  acetoxy  moiety i s  t e n t a t i v e l y  a ss igned  t o  C-9 and the  
a n g e l a t e  t o  C-8 . In compounds 32 and 33, t h e  NMR chemical  s h i f t s  of 
t h e  a n g e l a t e  proton a b s o r p t i o n s  a r e  t h e  same wi th in  experimenta l  e r r o r  
s u g g e s t i n g  a s i m i l a r  chemical env ironment .  T h e r e f o r e ,  in compound 32 
the  a t t a chm e n t  of the  a n g e l a t e  group must be a t  C-8  and th e  2-  
m e th y lb u ta n o a te  moiety a t  C-9.
The s t e r e o c h e m i s t r y  a t  C-3 and C-4 was t e n t a t i v e l y  a s s igned  by 
c o r r e l a t i o n  of  the  d ih e d r a l  ang le s  of  t h e  medium r in g  p ro to ns  with t h e  
e x p e r i m e n t a l l y  observed _J_-values by a p p l i c a t i o n  o f  t h e  Karplus
?c
c o r r e l a t i o n .  Using s t e r e o m o d e l s ,  two major  confo rm at ions  were 
c o n s id e r e d  in t h i s  t r e a t m e n t .  One wi th  a downward o r i e n t a t i o n  of  the  
C-l  carbonyl  and t h e  o t h e r  with t h e  C-l carbonyl  being o r i e n t e d  
upward. In both confo rm at io ns  t h e  s k e le to n  of  t h e  medium r in g  was f ix e d  
a t  C-6  and C-9 so t h a t  t h e  proton d i h e d r a l  ang le s  were:  H-9/H-8
^180°C; H-8/H-7 ^80°;  and H-7/H-6 ^140°;  t h o s e  ang le s  c o r r e l a t e d  very 
well  wi th  t h e  exper imen ta l  _J_-values of  t h e  *H NMR a b s o r p t i o n s .  The 
d i h e d r a l  a ng le s  of H-2a,  H-23,  H-3, and H-4 in a conformation  wi th  an 
o r i e n t a t i o n  of the  C-l carbonyl  f u n c t io n  below the  plane  of t h e  medium 
r in g  c o r r e l a t e d  poorly  wi th  t h e  observed photon c oup l ings  in a l l  fou r  
c o n f i g u r a t i o n a l  isomers  a t  C-3 and C-4. The fou r  p o s s i b l e  
c o n f i g u r a t i o n a l  r e l a t i o n s h i p s  a t  the  c h i r a l  c e n t e r s  C-3 and C-4 in a 
conformat ion  wi th  an upward o r i e n t e d  C-l carbonyl  f u n c t io n  were 
c o n s id e r e d  n e x t .  The d i h e d r a l  ang le s  H-4a/H-30« 110°; H-36/H-2B « 50° 
were d e r i v e d  from model c o n s i d e r a t i o n s  and c o r r e l a t e d  b e s t  with t h e
34
expe r im en ta l  J - v a l u e s  s u g g e s t i n g  a 3a-0H and 4e-CH0 in 32 and 33.^  rs.A,
35
Table 2-2 .  NMR d a t a 3 of  compounds 32 and 33. .
' (S.
32 33
H-2b 3.25  dd (18,  10.5) 3.25  dd (18,  10)
H-2a 2 .95 dd (18,  6 .5 ) 2 .96  dd (18,  6 .5 )
H-3 4.31 ddd (1 0 .5 ,  6 .5 ,  2 .5 ) 4.34 ddd (10,  6 . 5 ,  2 .5)
H-4 1 .7 5 C c
H-5a 2.12 ddd (4,  6 . 5 ,  16) c
H-5b -  1 . 6C c
H-6 4 .92 ddd ( 6 . 5 ,  6 . 5 ,  4) 4 .90  ddd ( 6 . 5 ,  6 .5 ,  3 .5 )
H-7 2 .60 m 2.59 br s
H-8 5.94 dd ( 1 0 .5 ,  1 .5 ) 5.88 dd (10,  1 .5 )
H-9 5.85 d (10 .5 ) 5.54 d (10)
H-l 3a 6.29  d ( 2 .0 ) 6.31 d (2 .0 )
H-l 3b 5.79 d (2 .0 ) 5.80 d ( 2 .0 )
C-4-Me 1.14 d (6 .5 ) 1.14 d (6 .5 )
C-10-Me 1.28  s 1.27 s
OAc b 2 .06 s
OAng 6.13 qq ( 7 . 5 ,  1 .5 ) 6.12 qq ( 7 . 5 ,  1 .5 )
1.95 dq ( 7 . 5 ,  1 .5 ) 1.94 dq ( 7 . 5 ,  1 .5 )
1.77  q ( 1 .5 ) 1.77 q ( 1 .5 )
3 S pe c t r a  were run a t  ambient  t e m p e ra tu re  in CDCI3 a t  200 MHz; TMS- 
was used as i n t e r n a l  s t a n d a r d .  Values  a r e  in ppm(<5) and s i g n a l s  a re  
d e s ig n a t e d  as f o l l o w s :  s i n g l e t s ,  s ;  d o u b l e t ,  d; t r i p l e t ,  t ;  q u a r t e t ,  q ;  
m u l t i p l e t ,  m; broad s i n g l e t ,  br  s .  F ig u re s  in p a re n th e s e s  a re  coup l ing  
c o n s t a n t s  or l i n e  s e p a r a t i o n  in h e r t z .
b Chemical s h i f t  da ta  of  t h e  2 -m e thy lbu tanoa te  group:  2 .38  se x t  (H- 
2 ' ) ;  1 .42 dq (2H-31); 1 .16 d ( 6 .5  Hz, C-2 ' -Me);  0 .88  t  (3H, C-3 ' -Me) .
c Obscured by o t h e r  s i g n a l s .
36
Table  2 - 3 .  *H NMR parameters3 o f  compounds 36 and 89.
36
IN.A. 3 9 "
H-2 5.58 s 5.58 s
H-4 3.05 m 3.05 m
H-5a 2 .69 m 2.57 m
H-5b 2.11 m 2.10 m
H-6 4.32 dd 4.45 dd (10 ,  4 .5 )
H-7 3.62 m 3.59 m
H-8 4 .99 dr  d (5) 5.06 dd ( 5 .1 )
H-9 5.38 dr d (5) 5.40 d (5)
H-l 3a 6.33 d (2 . 2 ) 6 .33 d (3)
H-13 b 5.38 d ( 2 . 2 ) 5.50 d ( 3 .5 )
C-4-Me 1.39 d (7) 1.40 d (7)
C-10-Me 1 .38 s 1.37 s
OAc 2 .20 s 2.26 s
C-2'-Me 1 .88 s 1.96 dq ( 7 . 5 ,  1 .5 )
C-3'-Me — 1.82 dq (1 .5 )
H-3 'a 6.02 br  s 6.16 qq ( 7 . 5 ,  1 .5 )
H-3 'b 5.66 br s
3 S p e c t r a  were run a t  ambient  t e m p e ra t u re  in CDCI3 a t  200 MHz; TMS
was used as i n t e r n a l  s t a n d a r d .  Values a r e  in ppm ( 6) and s i g n a l s  a re
d e s i g n a t e d  as  f o l l o w s :  s i n g l e t s ,  s ;  d o u b l e t ,  d; t r i p l e t ,  t ;  q u a r t e t ,  q; 
m u l t i p l e t ,  m; broad s i n g l e t ,  br  s ;  F ig u re s  in p a r e n t h e s e s  a r e  coup l ing
c o n s t a n t s  or  l i n e  s e p a r a t i o n  in h e r t z .
F igu re  2-3.  200 MHz 1H NMR spectrum o f 8 0 - a n g e l o y l o x y - 9 a - [ 2 - m e t h y b u t a n o y l o x y ] t e m i f o l i n  (32)
(CDC1)3 -
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Figu re  2 - 4 .  200 MHz *H NMR spectrum of  8 g - a n g e l o y l o x y - 9 a - a c e t o x y t e m i f o l  in (33)  (CDCI3 ) .
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2 .4  The s t r u c t u r e s  of z e x b r e v in - t y p e  furenones
2.41 9a -Acetoxyzexbrevin ( 3 6 ) ,  02^ 2403 , mp 200-203°C,  a c o l o r l e s s  
c r y s t a l l i n e  compound e x h i b i t e d  UV [X max 258 nm) and IR (1700 and 1590
I 0*7
cm" ) a b s o r p t i o n s  s u g g e s t i n g  a furenone  carbonyl  chromophore (F) .
The 200 MHz NMR (F igu re  2-7)  of  36 was very s i m i l a r  t o  zexbrevin
24(34) excep t  t h a t  spin docoupl ing  experiments  on 36 i n d i c a t e d  only one
( 0
C-9 proton with a chemical s h i f t  (5 .38  ppm) t h a t  sugges ted  an e s t e r
f u n c t i o n .  A t h r e e - p r o t o n  s i n g l e t  a t  2 .20  ppm t o g e t h e r  with a mass
s p e c t r a l  peak a t  jn/z_ 43 was in agreement>with an a c e t a t e  moiety in
36. Since t h e  chemical  s h i f t  of  the  a c e t a t e  methyl was t h e  same as in
a z e x b r e v i n - t y p e  compound o b ta in e d  from a 9a-hydroxy p r e c u r s o r  by
a c e t y l a t i o n , ^  i t  a l lowed  t e n t a t i v e  assignment  of  t h e  a c e t a t e  t o  C-9 and
2ftt h e  m e t h a c r y l a t e  t o  C-8 . The c o up l ing  1 Hz suggested  on 8 a-H^°
and Jjj 9 = 5Hz c o r r e l a t e d  wel l wi th  a H-93 or  a 9a -ace toxy  group in 36,
as d e r iv e d  from stereomodel  c o n s i d e r a t i o n .  The change of the  C-4
s t e r e o c h e m i s t r y  in t h e  t r a n s f o r m a t i o n  of  33 t o  89 could have occur red
du r ing  t h e  a c id - m e d ia t e d  o x id a t io n  of 33. A l t e r n a t i v e l y ,  t h e
c o n f i g u r a t i o n  a t  C-4 in 9o -ac e toxyz e xb rev in  (36) and by analogy
zexbrevin  (34) r e q u i r e d  r e v i s i o n .  Because of  t h i s  am bigu i ty ,  s i n g l e
c r y s t a l  X-ray c r y s t a l l o g r a p h y  (F igure  2-6)  was performed on
9 a - a c e t o x y z e x b r e v i n , and t h e  s t e r e o c h e m i s t r y  of t h e  C-4-Me has t hus  been
2Re s t a b l i s h e d  t o  be 3 as d e p i c t e d  in F igure  2 -6 .  3
41
F igu re  2-6 .  Molecu lar  s t r u c t u r e  of  9a -ace toxyzexbrev in  (36 ) .
2 .42  8 e -A n g e lo y l o x y -9 a - h y d ro x y c a ly c u l a t o l id e  (37)  and 9a- 
hydroxyzexbrevin  (38) .
Compound 37 and 38 were i s o l a t e d  from Calea t e m i f o l i a  va r .  
c a l y c u l a t a  ( syn .  Calea a l b i d a  No. 320) .  These two compounds d i sp l a y e d  
*H NMR and MS s i g n a l s  which were i d e n t i c a l  excep t  f o r  a b s o r p t io n s  t h a t  
i n d i c a t e d  d i f f e r e n c e s  in t h e  e s t e r  groups a t t a c h e d  t o  t h e  two m o lecu le s .
8g-Angelo.yloxy-9a-h.ydrox,ycalycu1atol ide (37)  , ^20^24^7* mP- 175°C 
( d e c . )  e x h i b i t e d  *H NMR s p e c t r a l  s i g n a l s  (F igure  2-8)  which were very 
s i m i l a r  t o  9a-Acetoxyzexbrevin  (36) a compound of  known X-ray 
s t r u c t u r e .  The s p e c t r a l  pa ram ete rs  of  t h e  two compounds d i f f e r e d  in the  
chemical s h i f t s  of  t h e  H-9 a b s o r p t i o n s  which in 36 appeared  a t  5 .38  
ppm t o g e t h e r  with an a c e t a t e  methyl s i n g l e t  a t  2 .20  ppm. In t h e  
c a l y c u l a t o l i d e  37 t h e  a c e t a t e  s ig n a l  was m is s ing  and H-9 r e p r e s e n t e d  a 
d o u b le t  a t  4 .19  ppm (J_=6 ; 4 . 8  Hz) s u g g e s t i n g  t h e  p re se nc e  of  a hydroxyl  
group a t  C-9; t h i s  was a l s o  suppor ted  by an IR OH a b s o rp t io n  at  3420 
cm"* as  well  as a mass s p e c t r a l  peak m/z_ 358 (M-H2O). The p re se nc e  of
42
an a n g e l a t e  e s t e r  s i d e  cha in a t  C-8  was i n d i c a t e d  by d i a g n o s t i c  fWR 
and MS s i g n a l s .  The new compound e x h i b i t e d  methyl a b s o r p t i o n s ,  doub le t s  
of  q u a r t e t s  a t  1 .92 ( C - 2 ' - m e t h y l ) and 1.82 ppm ( C - 3 ' - m e t h y l ) ,  
r e s p e c t i v e l y ,  and a one -p ro ton  q u a r t e t  a t  6 .15  ppm which a r e  t y p i c a l  f o r  
t h e  a n g e l a t e  moie ty .  Fur the rmore  MS peaks a t  _m/z_ 276 (M-B), 83 (B1),  
and 55 (B") were in acco rd  wi th  t h e  above a s s ignm en ts .
The g r e a t  s i m i l a r i t y  o f  t h e  NMR pa ram ete rs  of 9a -ace toxyzexbrev in  
(36) and c a l y c u l a t o l i d e  (37) sug g e s t s  t h e  same s k e l e t a l  a r rangem en t ,  
i n c l u d in g  a l l  s te r e o ch e m ic a l  c e n t e r s  of  the  two compounds, and t h e r e f o r e  
8 B - a n g e lo y l o x y - 9 a - h y d r o x y c a ly c u l a t o l id e  must have s t r u c t u r e  37. The 
a c e t y l a t i o n  of  37 wi th  a c e t i c  a n h y d r i d e / p y r i d i n e  cou ld  no t  be a t t e m p te d  
because of  t h e  small  amount of  m a t e r i a l .
The o t h e r  minor gummy c o n s i t u e n t ,  9a -hydroxyzexbrevin  ( 3 8 ) ,  
^19H24®7» whic  ^ could no t  be f r e e d  from 37 , e x h i b i t e d  *H NMR s i g n a l s  
(F igure  2-9)  very s i m i l a r  t o  t h o s e  of  the  c a l y c u l a t o l i d e  37. The two 
compounds had n e a r l y  i d e n t i c a l  *H NMR pa ram ete rs  f o r  t h e  medium r in g  
pro ton  a b s o r p t i o n s  but  they  d i f f e r e d  in t h e  e s t e r  s i d e  chain a t  C-8 . 
Compound 38 showed NMR and MS s i g n a l s  t y p i c a l  f o r  t h e  m e t h a c r y l a t e  
moie ty.  A broadened t h r e e - p r o t o n  s i n g l e t  a t  1 .89  ppm and a p a i r  of 
broad one -p ro ton  s i g n a l s  a t  5 .64  and 5 .98  ppm t o g e t h e r  wi th  d i a g n o s t i c  
MS peaks a t  69 (C1) and 41 (C") were in accord  with a m e t h a c r y l a t e  group 
a t  C-8 . T h e r e f o r e ,  the  s te r e o ch e m ic a l  r e p r e s e n t a t i o n  38 i s  sugges ted  
f o r  9a -hyd roxyzexb rev in .  The NMR da ta  of  compounds 36, 37, and 38 a r e  
l i s t e d  in Table  2 -4 .
43
Table  2-4. *H NMR p a ra m e t e r s 3 of compounds 36-38.
36rs.r. 37MS 38
H-2 5.58  s 5.56 s 5.56 s
H-4 3.05  m 3.03  m 3.03 m
H-5a 2.69  m 2.62  m 2.62 m
H-5b 2.11 m 2.10  m 2.11 m
H-6 4.32 dd 4.52  dd 4.45 dd
( 9 . 6 ,  4 .8 ) (9 .6 , , 4 .8 )
H-7 3.62 m 3.79 m 3.81 m
H-8 4 .99  br  d (5) 5.12 d (4 .8 ) 5.07 d ( 4 .8 )
H-9 5.38  br  d (5) 4.19  t  (6 ) 4 .18 t  ( 6 )
H-l 3a 6.33 d (2 .2 ) 6.35 d (3) 6.35 d (3)
H-13 b 5.38 d ( 2 .2 ) 5.78 d (3) 5.78 d (3)
C-4-Me 1.39 d (7) 1.39 d (7) 1.39 d (7)
C-10-Me 1 .38  s 1.64 s 1.64 s
OAc 2.20  s ------ ------
C-2'-Me 1.88  s 1 .92 dq 
( 7 . 5 ,  1 .5 )
1.89 s
C-3' -Me ------ 1.82 dq (1 .5 ) ------
H-3 'a 6.02  b r  s 6.15  qq 
( 7 . 5 ,  1 .5 )
5.98 br  s
H-3 'b 5.66 br  s ------ 5.64 br  s
9-OH ------ 3 .30  d (6 ) 3 .19 ( 6 )
a S p e c t r a  were run a t  ambient  t e m p e ra tu re  in CDCI3 a t  200 MHz; TMS 
was used as  i n t e r n a l  s t a n d a r d .  Values a r e  in ppm ( 6) and s i g n a l s  a r e  
d e s i g n a t e d  as f o l l o w s :  s i n g l e t s ,  s ;  d o u b l e t ,  d; t r i p l e t ,  t ;  q u a r t e t ,  q ;
m u l t i p l e t ,  m; broad s i n g l e t ,  br  s .  F igu re s  in p a r e n t h e s e s  a re  coup l ing  
c o n s t a n t s  o r  l i n e  s e p a r a t i o n  in h e r t z .
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Figure  2 - 8 .  200 MHz NMR spectrum o f  8 g - a n g e l o y l o x y - 9 a - h y d r o x y c a 1 y c u l a t o l i d e  (37)  (CDCI3 ) .
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2 .5  The s t r u c t u r e  of a t r i p l i c i o l i d e  d e r i v a t i v e s  
(51,  52, 54, 55 and 56) .
'MV '  NAi '  IS./V. •
r___________ \v  r
51^  OAng H H
52 OMac H H
54 OAng OH H
55 OMac OH H
56 OAng H OH
2 .51 .  11,13-Di hydro-11 a , 1 3 - e p o x y a t r i p l i c i o l i d e - 8 s - 0 - a n g e l a t e  (51_)
and 1 1 ,1 3 - D ih y d ro - 11a , l 3 - e p o x y a t r i p i i c i o l i  d e - 83-O -m e th ac ry la t e  
(52) .
Two known compounds were i s o l a t e d  from Calea t e r n i f o l i a  v a r .
c a l y c u l a t a  (syn.  Calea a l b i d a , No. 338).  Compound 51_, C2qh228 7> mp* 88"
91°C, e x h i b i t e d  a *H NMR spectrum (F igure  2-10,  CDCI3 and F igu re  2-11 ,
CgDg) in which the  p a ra m e te r s  were i d e n t i c a l  wi th  t h o s e  of a gummy
compound d e s c r i b e d  by Bohlmann e t  a l ^  as a c o n s t i t u e n t  of  C. p i l o s a
from B r a z i l .
1 ^The C WR spectrum of  51^  i s  shown in F igu re  2-12 and s p e c t r a
1 O
da ta  a re  l i s t e d  in Table  2-6 .  The C NMR pa ram ete rs  were t e n t a t i v e l y  
a s s ig n e d  on th e  b a s i s  of  proton n o i s e  decoupl ing  (PND) and by comparison
O
wi th  r e f e r e n c e  compound 47 d e s c r i b e d  by Herz e t  a l .
Compound 52, 0^ 2 (307, mp 155-158°C showed th e  1H NMR (F igure  2-
Figure 2 - 1 0 .  200 MHz 'li NMR spectrum o f  1 1 ,13-d ihydro -1 1  a , 1 3 - e p o x y a t r i p l i c i o l i d e  8 e - 0 - a n g e l a t e
(51) (CDClj) .
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Figure 2 - 1 1 .  200 MHz NMR spectrum o f  1 1 ,13-d ihydro -1 1  o , 1 3 - e p o x y a t r i p l i c i o l i d e  8 6 - 0 - a n g e l a t e
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Figure 2-12.  50 MHz 13C NMR spectrum o f  1 1 , 1 3 - d i h y d r o - l l  a , 1 3 - e p o x y a t r i p l i c i o l i d e  8g -0 - a ng e 1 a te
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Figu re 2 -1 3 .  200 MHz l H NMR spectrum o f  1 1 , 13 - d i h y d r o - l l  a , 1 3 - e p o x y a t r i p i i c i o l i d e  8B -0 -m ethacry la te
(52)  (CDC13 ) .
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13, CDC13 ) spectrum which was i d e n t i c a l  wi th  da ta  d e s c r ib e d  f o r  
compound 52 r e p o r t e d  in t h e  l i t e r a t u r e .
2 .5 2 .  9a-Hydroxy-l  1 , 1 3-Dihydro -11 a , l 3 - e p o x y a t r i p i i  ci o l i d e - 80-O-an gel a t e  
(54) and 9 a - h y d r o x y - l l , 1 3 - d i h y d r o - l l  a , l 3 - e p o x y a t r i p l i c i o l i d e  86 - 
O -m e tha c ry la te  (55 ) .
Compound 55, C ^ H ^ O g ,  a c o l o r l e s s  c r y s t a l l i n e  compound with a 
m e l t i n g  p o i n t  of  200°C ( d e c . )  showed UV (A max 262 nm) and IR (1700 and 
1590 crrf*) a b s o r p t i o n s  s u g g e s t in g  a furenone  carbonyl  chromophore
p 7
(F) The p resence  of  h y d r o x y l ( s )  and a y - l a c t o n e  moiety was i n d i c a t e d  
by IR bands a t  3415 and 1785 cm- *, r e s p e c t i v e l y .  The p resence  of  an 
a d d i t i o n a l  m e t h a c r y l a t e  e s t e r  func t ion  was sugges ted  on th e  b a s i s  of 
d i a g n o s t i c  *H NMR s i g n a l s :  two broadened one-pro ton s i n g l e t s  a t
5 .66  and 5.94 ppm and a broad t h r e e - p r o t o n  s i n g l e t  a t  1.91 ppm as well  
as MS peaks a t  jn/z_ 290 (M-C4Hg02 ) and 69 (C‘ ) .  The NMR s p e c t r a l  
p a t t e r n  (F igu re  2-14)  was in agreement  wi th  a f u ra n o n e - ty p e  h e l i a n g o l i d e  
r e l a t e d  t o  t h e  known a t r i p i i c i o l i d e  s k e l e t o n .  However, s i n g a l s  t y p i c a l  
f o r  t h e  e x o c y c l i c  methylene l a c t o n e  p ro tons  a t  6 .3  and 5.7 ppm were 
m is s in g .  I n s t e a d ,  two one-p ro ton  s i g n a l s  a ppear ing  as d o u b le t s  (AB 
p a t t e r n )  were found n e a r  3 .6  ppm t y p i c a l  f o r  an epoxide f u n c t io n  between 
C- l l  and C - l 3 . 11
A m u l t i p l e t  a t  3 .99  ppm was a t t r i b u t e d  t o  H-7 and v e r i f i e d  by 
double  i r r a d i a t i o n .  Two o t h e r  s i g n a l s ,  which must correspond  t o  H-6  and 
H-8 , were a f f e c t e d .  A broad m u l t i p l e t  a t  5 .35 ppm sha rpened d i s t i n c t l y  
and th e  d o u b le t  of d o u b l e t s  c e n t e r e d  a t  5.32 ppm (1H, J_ = 5 .2 ,  2 .0 )  was 
t r a n s fo r m e d  i n t o  a d o u b le t  (J_ = 5.2  Hz). Rec ip roca l  decoup l ing
F igure  2 - 1 4 .  200 MHz NMR spectrum o f  9 a - h y d r o x y - l 1 , 1 3 - d i h y d r o - l l  a ,  1 3 - e p o x y a t r i p l i c i o l i d e  86 -0 -
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expe r im en t s  confirmed t h e  as signmen ts  of  H-6  and H-8 . Based on th e  
above r e s u l t s  t h e  s i g n a l s  a t  5.32 and 5.35 ppm were a s s ig n e d  t o  H-6 and 
H-8 , r e s p e c t i v e l y .  One remaining  s ig n a l  was a s s ig n e d  t o  H-9 on the  
b a s i s  of coup l ing  with H-8  whose i r r a d i a t i o n  produced a s ha rpen ing  of 
t h e  H-9 t r i p l e t .
The c r y s t a l  s t r u c t u r e  of 55 unambiguously confi rmed th e  ba s ic  
s k e l e t a l  arrangement  and r e l a t i v e  s t e r e o c h e m i s t r y  of a l l  c h i r a l  c e n t e r s  
and e s t a b l i s h e d  th e  C - l 1 (13) -epox id e  s t e r e o c h e m i s t r y  t o  be a as shown in 
F igu re  2-15.
F igu re  2-15.  The B-face of 9 a -h y d r o x y - l 1 , 1 3 - d i h y d r o - l 1 a , l 3- 
e p o x y a t r i  p i i  ci  o l i  d e - 8 B-0- [ 2- m e t h y l a e r y 1 a t e ] .
A c e t y l a t i o n  of  55 wi th  Ac20/ p y r i d i n e  produced a m onoace ta te ,  
^21^22®9» which  was i d e n t i f i e d  as compound 90 (Scheme 2 - 3 ) .  The NMR 
s p e c t r a  of  90 (F ig u re  2-16)  i n d i c a t e d  m o d i f i c a t i o n  of  t h e  hydroxyl  group 




Scheme 2-3.  A c e ty la t i o n  of  9 a -h y d r o x y - l1 , 1 3 - d ih y d r o - 1 1 a , l 3- 
e p o x y a t r i p i i c i o l i d e - 8 g - 0 - m e t h a c r y l a t e  (55)
The known compound 54 , a c o l o r l e s s  c r y s t a l l i n e  s u b s t a n c e ,  mp 205- 
207°C, e x h i b i t e d  an *H NMR spectrum (C5D5N) which was almos t  i d e n t i c a l
wi th  NMR da ta  r e p o r t e d  in the  l i t e r a t u r e . F i g u r e  2-17 shows th e
MR spect rum (CDC13 ) of  compound 54.
2.53  15-Hydroxy-1 1 ,1 3-di  hydro -11 a ,  13 -ep o x y a t r i  p i i  c i  o l i  d e - 83-O-an gel a t e
(56) .
Compound 56, mP 118-121°,  d i s p l a y e d  *H NMR s i g n a l s
(F igu re  2-18)  which were s i m i l a r  t o  th o se  of  compound 55 wi th  known X- 
ray s t r u c t u r e .  D e t a i l e d  spin decoup l ing  experiments  of t h i s  subs tance  
l ed  t o  ass ignm ents  which a r e  summarized in Table  2-5.  The da ta  
i n d i c a t e d  the  lack of a hydroxyl  f u n c t io n  a t  C-9 and a methyl a t  C-4. 
I n s t e a d ,  t h e  p resence  of an OH group a t  C - l 5 was i n d i c a t e d  by a two- 
proton doub le t  a t  4 .20  ppm. The a t tachm ent  of an a n g e l a t e  e s t e r  group 
a t  C- 8  was suppor ted  by d i a g n o s t i c  *H NMR s i g n a l s  (Table  2-5)  and 
c h a r a c t e r i s t i c  MS peaks a t  m/z_ 83 (B1) and 55(B") .
Table 2-5. (HR param eters of compounds 51-56^
51a 51b 52a 56a 54a 54c 55c
H-2 5 .59  s 5 .04  s 5 .60  s 5 .69  s 5.61 s 5 .86  s 5 .84  s
H-4 6.01 dd 
(4 .4 ,  2 .0 )
5 .32  dd 
( 4 .4 ,  2 .0 )
6 .02  dd 
( 4 .4 ,  2 .0 )
6 .30  m 6.04 m 5.96 m 5.94  m
H-6 5 .32
h e p te t
(2 .0 )
5 .04  m 5.24  m 5.33  m 5.23 m 5.47 m 5 .35  m
H-7 3.31 dd 
(4 .5 ,  2 .2 )
2 .9 9  dd 
( 3 .6 ,  2 .0 )
3 .31 m 3.35  m 3.43  dd 
( 4 .4 ,  1 .6 )
3 .99  dd 
(4 .0 ,  2 .0 )
3 .99  dd 
(4 .0 ,  2,
H-B 5.14
(h e p te t)
(2 .0 )
4 .76  m 5.06  m 5.14 m 5.03 dd 
(5 .2 ,  1 .6 )
5 .42  dd 
( 4 .8 ,  2 .0 )
5 .32  dd 
(4 .0 )
H-9a 2 .41 dd 1 .94  dd 2 .4 4  dd 2 .4 3  dd 4 .0 0  dd 4 .4 8  dd 4.47  t
(1 4 .4 , 6) (1 4 .4 ,  6) (1 4 .4 , 6) (1 4 .4 , 6) ( 7 .2 ,  4 .2 ) (7 .6 ,  4 .8 ) (5 .6 )
H-9b 2.19  dd 
(1 4 .4 , 4)
1 .47  dd 
(1 4 .4 , 4)
2 .1 9  dd 
(1 4 .4 . 4)
2 .20  dd 
(1 4 .4 , 4)
---- ---- ----
C-4-Me 2 .0 9  s 1.43 s 2 .09  s 4 .43  br 
(-CHoO)
2 .0 8  s 1 .90  s 1 .90  s
C-10-He 1 .46  s 1.06 s 1.47 s 1.47 s 1.54 s 1 .76  s 1.76 s
H-13a 3 .35  d 3 .27  d 3 .35  d 3 .36  d 3 .37  d 3 .67  d 3.64 d
(4 .8 ) (4 .8 ) (4 .0 ) (4 .8 ) (4 .8 ) (5 .0 ) (5 .0 )
H-13b 3 .2 8  d 2 .8 2  d 3 .28  d 3 .30  d 3.34 d 3.61 d 3 .59  d
(4 .8 ) (4 .8 ) (4 .8 ) (4 .8 ) (4 .8 ) (5 .0 ) (5 .0 )
C-2'-M e 1.97  dq 
( 7 .5 ,  1 .5 )
1 .88  dq 
(7 .5 .  1 .5 )
1 .88  b r s 1 .95  dq 
(7 .5 ,  1 .5 )
1.95 dq 
( 7 .5 ,  1 .5 )
1.99 dq 
(7 .5 ,  1 .5 )
1.91 s
C-3'-M e 1 .92 dq 
(1 .5 )
1 .77 dq 
( .1 5 )




1 .95 dq 
(1 .5 )
H-3a 6 .14 qq 
(7 .5 ,  1 .5 )
5.71 qq 
(7 .5 ,  1 .5 )
6 .08  b r s 6 .17  qq 
(7 .5 ,  1 .5 )
6 .19  qq 
(7 .5 ,  1 .5)
6 .02  qq 
( 7 .5 ,  1 .5 )
5.94 b r
H-3b 5.67 b r s . . . . — 5.66 br
9-OH ---- ---- ---- ---- 3.02 d (7 .2 ) ---- ----
^S pectra  were run a t  am bient tem p e ra tu re  in CDC^3 , CgDgb , and d g -p y r id in e c a t  200 MHz. TMS was used as in te rn a l  s ta n d a rd . Values 
a re  in ppm (4 ) and s ig n a ls  a re  d e s ic c a te d  as fo llo w s : s i n g l e t s ,  s ;  d o u b le t, d; t r i p l e t ,  t ;  q u a r te t ,  q; m u l t ip l e t ,  m; broad s in g l e t ,
b r  *. F ig u res  in p a re n th e se s  cou p lin g  c o n s ta n ts  o r l in e  s e p a ra tio n s  in h e r tz .
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Table 2-6.  NMR p a ra m e t e r s 3 of  compounds 47 and 51.1 « a. ^
47 51
Carbon 6 , m u l t i p l i c i t y 6, m u l t i p l  i c i t y
1 205.42 s 205.42 s
2 104.94 d 103.97 d
3 182.76 s 184.65 s
4 138.88 s 132.74 s
5 133.85 d 134.49 d
6 75.28 d 78.81 d
7 48.23 d 47.51 d
8 74.97 d 71.13 d
9 42.63 t 41.68 t
10 87.99 s 87.43 s
11 135.99 s 59.63 s
12 168.95 s 172.03 s
13 123.38 t 49 .98 t
14 21.38 q 21.94 q
15 60.26 t 20.48 q
1' 166.44 s 166.16 s
2 ' 127.33 s 126.04 s
3 ' 139.76 d 143.17 d
2 '-Me 14.62 q 19.95 q
3 '-Me 11.84 q 17.14 q
3 S p e c t r a  were o b t a in e d  in CDC13 a t  ambient  t em p e ra tu re  a t  50.32 
MHz. Chemical s h i f t s  ( 6 ) a re  in ppm r e l a t i v e  t o  TMSi as i n t e r n a l  
s t a n d a r d  as de te rmined by proton n o i s e  decoup l ing .  Peak m u l t i p l i c i t y  
was ob ta in e d  by o f f - r e s o n a n c e  decoupl ing  ( 3 .5  ppm above TMSi). 
M u l t i p l i c i t i e s  a r e  d e s ig n a t e d  by t h e  f o l l o w in g  symbols:  s = s i n g l e t ,  d = 
d o u b l e t ,  t  = t r i p l e t ,  q = q u a r t e t .
Figure 2 -1 6 .  200 MHz *H NMR spectrum o f  9 a - a c e t o x y - l l , 1 3 - d i h y d r o - 1 1  a , 1 3 - e p o x y a t r i p l i c i o l i d e  80-0
m e th a cry la te  (90)  (CDCI3 ).
QAc




:-17. 200 MHz XH NMR spectrum of  9 a - h y d r o x y - l 1 , 1 3-dihydro-11  a , 1 3 - e p o x y a t r i p i i c i o l i d e  8p-0 -
a n g e l a t e  (54)  (CDC13 ) .
* S / r
OH
5.07.0 6.0 4.0 3.0 2.0 1.0
cn
Figure  2-18.  200 MHz *H NMR spectrum of  1 5 -hyd roxy - l1 , 1 3 - d i h y d r o - l 1 a , 1 3 - e p o x y a t r i p l i c i o l i d e  8g-0-
angel a t e  (56) .
3 - CH-
2 -C H
7 , I3 a b
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2 . 6  The t e n t a t i v e  s t r u c t u r e  o f  2 , 3 - e p o x y c a l e i n  A (81)  .
2,3 -Epoxy ju an is la m in  (80) , which was i s o l a t e d  by C a s t i l l o  e t
1 n l_al_. , and 2 ,3 - e p o x y c a le in  A (81J had n e a r l y  i d e n t i c a l  H NMR
pa ra m e te r s  (spect rum in F ig u re  2-19 ,  d a ta  in Table 2-7)  f o r  t h e  medium
r in g  p r o tons  but  they  d i f f e r e d  in t h e  s i g n a l s  of the  e s t e r  s id e  cha ins
a t  C- 8  and C-9. The p resence  of two e s t e r  groups in 81^  was suppor ted  by
th e  NMR spectrum wi th  a b s o r p t i o n s  t y p i c a l  of a n g e l a t e  (1 .77 q,  3H,
= 1 .5  Hz, 1 .95  dq, 3H, = 1 .5 ,  7 .5 Hz; 6.13 qq, 1H, ±  = 1 . 5 ,  7 .5  Hz)
and an a c e t a t e  (2 .0 7 ,  s ,  3H). The mass spect rum of  81^  v e r i f i e d  t h e
above a s s ig n m e n t s ,  showing s t r o n g  peaks a t  ni/z_ 83 (B1) ,  55 (B") ,  and 43
(Ac).  Th is  was a l s o  s u p po r te d  by IR bands a t  1695 and 1730 cm"1.
In o r d e r  t o  t e s t  whe ther  t h e  2 ,3 - e p o x y c a le in  sk e le to n  might  
r e p r e s e n t  a b i o g e n e t i c  p r e c u r s o r  f o r  t h e  fu renone  type  h e l i a n g o l i d e s ,  a 
Lewis a c id -m e d ia t e d  t r a n s f o r m a t i o n  of  compound 81_ t o  s k e l e t a l  type  89 by 
t h e  use of BF3 *Et20 o r  p-TsOH was a t t em pted  (Scheme 2 - 4 ) ,  but  w i thou t  






Scheme 2 -4 .  Attempted a c i d - c a t a l i z e d  rea r rangement  of  2 ,3 - e p o x y c a le in
A.
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2 .7  Epoxida t ion  of c a l e i n  A (21) .
The 2 , 3 - e p o x i d a t i o n  of  t h e  known c a l e in  A (21) , which was ob ta ined  
from C_. t e r n i f o l i a  va r .  t e m i f o l i a  from Michoacan,  Mexico, was of  
i n t e r e s t  f o r  two rea s o n s :  F i r s t l y ,  i t  would p o s s i b l y  e s t a b l i s h  by
chemical  c o r r e l a t i o n  th e  s i t e s  o f  a t t achm en t  of  the  two e s t e r  groups a t  
C- 8  and C-9. Secondly ,  t h i s  would r e p r e s e n t  an in v i t r o  r e a c t i o n  ana log  
t o  t h e  p o s s i b l e  b i o g e n e t i c  t r a n s f o r m a t i o n .
The p o r t i o n  of  t h e  a , B - u n s a t u r a t e d  ke tone  has abnormal geometry 
wi th  t h e  ke tone  and a lkene  double  bond be ing  s t r o n g l y  d i s t o r t e d  from 
c o p l a n a r i t y .  T h e r e f o r e ,  one would assume t h a t  t h e  2 ,3 - d o u b le  bond might  
show th e  r e a c t i v i t y  of  an i s o l a t e d  o l e f i n i c  bond and 2 ,3 - e p o x i d a t i o n  of 
c a l e i n  A could  be e x p e c t e d .  However, r e a c t i o n  of c a l e in  A (21)  wi th  m- 
CPBA prov id ed  th e  epoxyangel  a t e  d e r i v a t i v e  91_ but  no t r a c e  of  the  
expe c te d  2 ,3 - e p o x y c a le in  A (Scheme 2 - 5 ) .  The *H NMR spectrum (compare
m - C P B A ,
R T .  4 8 h r  
CH2CI2
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Scheme 2 -5 .  Epoxida t ion  of  Cale in  A
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F ig u re s  2-20 and 2-21)  sugges ted  the  d i sa p p e a ra n c e  of  a n g e l a t e  vinyl  
proton and new peaks ,  a q u a r t e t  a t  2 .99 ppm (H-3*) and a d o ub le t  a t  1 .5  
ppm ( C - 3 ' - m e t h y l ) appeared .  The mass spect rum did n o t  show th e  
m o lecu la r  i o n ,  but a peak t y p i c a l  f o r  t h e  epoxyangela te  f ragment  a t  m/z_ 
116 (D) v e r i f i e d  t h e  above NMR a ss ignm en ts .  T h e r e f o r e ,  s t r u c t u r e  (81J 
f o r  2 , 3 - e p o x y c a le in  remains t e n t a t i v e  with r e s p e c t  t o  t h e  s i t e  of 
a t t a ch m e n ts  of  t h e  two e s t e r  groups a t  C- 8  and C-9.
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Table  2 - 7 .  NMR parameters3 o f  c a l e i n  A ( 2 1 ) ,  and 2 , 3 - e p o x y c a l e i n
A (81 )^ , and epo xide  d e r i v a t i v e  .
2 l 81 91
H-2 6.61 d (12 ) 4 .25 d ( 4 .5 ) 6.62 d (11 .7 )
H-3 6.03 dd ( 12 , 11 ) 3 .35 dd (9,  4 .5 ) 6.04 t  (11 .7 )
H-4 3.13 dddq (5 .5 ) b 3.13 dddq (5 .5 )
H-5a 1.84 dd b b
H-5b 1.45 dd b
H-6 4.60 dd (1 1 .5 ,  5) 4.81 dd (11 .5 ,  5) 4.59 dd (11 .7 ,  5)
H-7 2.64 br  s 2.38 br s 2.64 br  s
H-8 5.69 dd (10 , 2 ) 5.76 br s 5.62 br  s
H-9 5.59 d ( 10 ) 5.76 br s 5.62 br  s
H-13a 6.33 d (1 .5 ) 6.34 br s 6.60 d ( 1 )
H-l 3b 5.85 d (1 .5 ) 5.84 br s 5.84 d ( 1 )
C-4-Me 1.14 d ( 6 ) 1.21 d (6 ) 1 .15 d (6 . 8 )
C-10-Me 1.35 s 1.47 s 1.36 s
OAc 2.02 s 2.07 s 2.14 s
C-2' -Me 1.93 dq ( 7 . 5 ,  1 .5 ) 1.95 dq ( 7 . 5 ,  1 .5 ) 1.39 s
C-3'Me 1.76 q 0 . 5 ) 1.86 q 0 .5 ) 1.15 d ( 5 .8 )
H-3' 6 .19 qq ( 7 . 5 ,  1 . 5 ) 6.14 qq ( 7 . 5 ,  1 .5 ) 2.99 q ( 5 . 8 )
a S pe c t r a  were run a t  ambient  t e m p e ra t u re  a t  CDCI3 a t  200 MHz. TMS 
was used as i n t e r n a l  s t a n d a r d .  Values a re  in ppm ( 6 ) and s i g n a l s  a re  
d e s ig n a t e d  as f o l l o w s :  s i n g l e t s ,  s ;  d o u b l e t ,  d; q u a r t e t ,  q ; broad
s i n g l e t ,  br  s .  F ig u re s  in p a r e n t h e s e s  a re  c o up l ing  c o n s t a n t s  or  l i n e  
s e p a r a t i o n s  in h e r t z .
k Obscured by o t h e r  s i g n a l s .

















Figure 2 -2 0 .  200 MHz NMR spectrum of  c a l e i n  A
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2 . 8 .  Experimental
The f o l lo w in g  g e n e r a l i z a t i o n  may be made about  equipment  and 
c o n d i t i o n s  wi th  r ega rd  t o  d a ta  p r e s e n t e d  in t h i s  s e c t i o n :
JR_ s p e c t r a  were o b t a in e d  on a Perkin Elmer 621 I n f r a r e d  
Spec t ropho tom e te r ;
UV_ s p e c t r a  were reco rded  on a Cary-14 Recording Spec trophotomete r  
us ing  95% EtOH as s o l v e n t ;
CD s p e c t r a  were run on a Durram-Jasco J -2 0  Spec tropho tomete r  us ing  
methanol as s o l v e n t ;  t h e t a  va lues  f o r  wavelengths  below 220 nm bear  
g r e a t  u n c e r t a i n t y  due t o  l i g h t  a b s o rp t io n  by t h e  s o l v e n t ,  a l though  the  
s igns  of  t h e  c o t ton  e f f e c t s  remain c e r t a i n ;
M e l t ing  p o i n t s  were de te rmined  on a Thomas Hoover C a p i l l a r y  Melt ing  
Po in t  Apparatus  and a re  u n c o r r e c t e d ;
NMR s p e c t r a  were r ecorded  on Bruker  WP 200 F o u r i e r  Transform NMR 
S p ec t rom ete r  a t  200 MHz; c o n d i t i o n s  a re  p r e s e n te d  wi th  i n d iv i d u a l  d a t a ;
Mass s p e c t r a  were o b t a in e d  on a Hewlet t  Packard 5895 GCMS a t  70 eV, 
source  t em p e ra tu re  200°C; sample were in t ro d u c ed  v ia  d i r e c t  i n l e t  probe.
HRMS d a ta  were o b t a in e d  on a Varian MAT 711 High Reso lu t ion  Mass 
S pec t rom ete r  a t  70 eV.
I s o l a t i o n  of  83- a n g e l o y lo x y - 9 a - [ 2 - m e t h y l b u t a n o y l o x y ] - t e r n i f o 1 i n  
(32)  and 8 3 - a n g e l o x y lo x y - 9 c x -a c e to x y t e m i fo l in  (33) . Dr ied  l eaves  
(1 kg) of  Calea t e r n i f o l i a  ( c o l l e c t e d  in Chiapas Co . ,  Mexico on Ju ly  29, 
1978; L. U r b a t s c h ,  No. 3333,  voucher  d e p o s i t e d  a t  LSU, U.S.A) were 
e x t r a c t e d  wi th  CHCI3 and worked up as o u t l i n e d  in Scheme 2-1 ( v id e  
s u p r a ) y i e l d i n g  6.2 g of  crude  sy rup .  The crude  syrup  was
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chromatographed over  200 g of  s i l i c a  gel (EM Reagents  70-230 mesh) us ing 
pe t ro leum  e t h e r  (bp.  30 -60°)  and mix tu re  of P .E . :  EtOAc (10, 20, 25, 50, 
75%) as e l u e n t  and t a k i n g  100 ml f r a c t i o n s .  F r a c t i o n s  were monitored by 
TLC.
F r a c t i o n s  17-18 p rov id ed  30 mg of  c a l e i n  A (21J which was
i d e n t i c a l  wi th  a u t h e n t i c  m a t e r i a l  by NMR and MS®. F r a c t i o n s  26 gave
50 mg of  32 and f r a c t i o n s  27-28 y i e l d e d  120 mg of  33.
8 g-Angel oyl oxy-9ot-[2-methylbutanoy l  ] - t e r n i f o l  in (32)  , C25H36°9»
mp 55-60° ;  UV, X max (EtOH), 213 nm ( e ,  2 .55  x 104 );  CD (c ,  2 .08 x
10"4 , MeOH); C©]225 -  4 .8 8  x 103, CG^253 + x ^ 2 9 0  ”
5.76  x 102 , IR, v ^ ] 3 c m '1 : 3450 (OH), 1765 ( y - l a c t o n e ) ,  1745 max
( e s t e r ) ,  1725 ( o , e - u n s a t u r a t e d  e s t e r ) ,  1710 ( k e t o n e ) ,  1650 (double  
bond);  MS, m / z . ( r e l .  i n t . ) :  480 (M+ ) ,  462 ( 0 .2 ,  M-18),  444 (1 , M-36),
378 ( 6 . 2 ,  M-A), 85 (2 5 .5 ,  A ' ) ,  83 (100,  B ' ) ,  57 ( 2 3 .9 ,  A") ,  55 (2 9 .7 ,  
B") .  C a lc ,  f o r  C25H3609 ; 480.2359.  Found: (MS) 480.2370.
8 g - A n g e 1 o y lo x y - 9 a -a c e to x y t e rn i fo l in  (33) , C22H3q0 9 , g l a s s ;  UV,
X max (EtOH), 213 nm (e  , 1 .86  x 104 ); CD (c ,  1 .52 x 1 0 ' 4 , MeOH):
[0] 212 -  8 .5  x 104 , [0]25Q + 5.33 x 103 , [©]2go + 3.03 x 103 ; IR,
v ^ ^ 3  , 3425 (OH), 1745 ( y - l a c t o n e ) ,  1730 ( a c e t a t e ) ,  1710 ( k e t o n e ) ,  max
1695 ( a ,  6- u n s a t u r a t e d  e s t e r ) ;  MS, m/z_ ( r e l .  i n t . ) :  438 (M+ ) ,  420 (0 .4 ,
M-18) , 402 ( 5 . 1 ,  M-36) , 278 (M-A-B), 83 (100,  B ' ) ,  55 (30,  B") ,  43 
( 1 8 .9 ,  Ac).  C a lc ,  f o r  C22H300 9: 438.1889.  Found: (MS) 438.1888.
Oxida t ion of  compound 33 . A s o l u t i o n  of  50 mg of  33 in acetone  
c o n t a i n i n g  a few drops of  J o n e s '  r ea g e n t  was s t i r r e d  a t  0°C u n t i l  orange
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c o l o r  p e r s i s t e d .  The r e s i d u e  was d i l u t e d  wi th  H20 and e x t r a c t e d  with 
E t20. The s o lv e n t  was e v a p o ra te d  in vacuo and the  crude produc t  
p u r i f i e d  by PLC ( P .E . :  EtOAc = 7 : 3 ) .  The main f r a c t i o n  gave 3 mg of 
compound 89, C22H2g08 , gum; UV, X max (EtOH), 213 nm ( e ,  1.91 x 104 ) ,  
259 ( e ,  9 .73 x 103 );  CD ( c ,  4 .78  x 1 0 ' 4 , MeOH): [ e ] 221 -  7 .17 x 103 ,
[ 0 ] 26Q = 2.38  x 103 , [ 0 ] 298 + 6 .12  x 102 ; IR, v ^ ] 3 1760 ( y-
l a c t o n e ) ,  1740 ( e s t e r ) ,  1703 ( a ,  3- u n s a t u r a t e d  e s t e r ) ,  1690 ( a ,  3 - 
u n s a t u r a t e d  k e to n e ) ,  1590 ( e n o l i c  double  bond); MS, m/z_ ( r e l . i n t . ) :  418 
(M+ ) , 277 ( 2 1 . 5 ) ,  125 ( 1 9 . 9 ) ,  83 (100, B ' ) ,  55 (30 .7 ,  B") ,  43 (15,
Ac) .  Ca lc ,  f o r  C22H2608 ; 418.1625.  Found: (MS) 418.1657.
I s o l a t i o n  of  9a-Acetox.yzexbrevin (36) and 9a-H.ydroxy-11,13-  
dihydro-11 a , 1 3 - e p o x y a t r i p i i c i o l i d e - 8 3 - 0 -m e th a c ry l a te  (55 ) .  Calea 
t e m i f o l i a  v a r .  c a l y c u l a t a , (syn.  Calea s a l m a e f o l i a )  was c o l l e c t e d  in 
Nuevo Leon, Mexico on October  14, 1980 ( J .  Wussow, No. 278, voucher  
d e p o s i t e d  a t  t h e  Herbarium of  Lou is iana  S t a t e  U n i v e r s i t y  a t  Baton Rouge, 
L o u i s i a n a ,  U .S .A . ) .
Dr ied  l ea ve s  (405 g) of  C. t e r n i f o l i a  v a r .  c a l y c u l a t a  were 
e x t r a c t e d  and worked up as o u t l i n e d  in Scheme 2-1 t o  y i e l d  11.7 g of 
c rude  syrup .  The syrup was chromatographed over  230 g s i l i c a  gel t a k i n g  
100 ml f r a c t i o n s .  Pe troleum  e t h e r  was used as an e l u e n t  fo l lowed by 
pe t ro leum  e t h e r - e t h y l  a c e t a t e  m ix tu re s  (90 :10 ,  80:20,  70 :30 ,  e t c . ) .  
F r a c t i o n s  14 and 15 p rov id ed  100 mg of  no t  f u r t h e r  i n v e s t i g a t e d  
f l a v o n o i d  m a t e r i a l ,  f r a c t i o n s  18 and 19 co n ta in ed  110 mg of  36 and 
f r a c t i o n s  20-23 gave crude  l a c t o n i c  m a t e r i a l  which upon rechromatography 
y i e l d e d  48 mg of  pure c r y s t a l l i n e  55 .
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9a -Acetoxyzexbrevin  (36)  , C g ^ ^ g ,  mp 200-203°C; UV, X max
(EtOH), 208 nm (e , 2 .34  x 105 ) ,  258 (e  , 1 .39 x 1O5 ); CD ( c ,  4 .95 x
10"4 , MeOH): C©3217 ' 2,3 x ]°5’ ^ 2 5 8  + 1,3 x 1q5, ^ 3 1 0  2,5 x
103; IR, v max 1767 ( y - l a c t o n e ) ,  1759 ( e s t e r ) ,  1715 ( u n s a t u r a t e d  
e s t e r ) ,  1698 ( k e t o n e ) ,  1593 ( e n o l i c  double  bond);  MS _m/z_ ( r e l .  i n t . ) :  
404.1470 ( . 5 ,  M+ ) ,  318.1102 ( 1 . 3 ,  M-C4H602 ) ,  259.096 ( . 3 ,  M-C6Hg04 ) ,
125.1 (4 5 .8 ,  C7H902 ) ,  69.1 (100,  C ' ) ,  41.2  (1 5 .2 ,  CH). Calcd .  f o r
C21H24°8 : 404.1470.  Found: (MS) 404.1470.
9a-H.ydrox.y-l 1 , 1 3-d i  h yd ro -11 a , 1 3 - e p o x y a t r i  pi i ci  ol i de -8  3 - 0 - [ 2 -  
m e t h y l a c r y l a t e ]  (55 ) ,  CigHggOg, mp 200°C (d ec ) ;  UV, X max (EtOH),
197 nm ( e ,  2 .0  x 104 ) ,  262 ( e ,  1 .20  x 104 ); CD ( c ,  5 .19 x 10"4 , MeOH): 
[©]2i 5 + 3 .7  x 103, C®]232 + ^  x ^  (maximum), [ Q ^ O  + 4 ,2  x ^°3
(minimum), [©1267 + x  ^ (maximum), [©^293 + x ^
(minimum), [©^315 + 3 .4  x 1O3 (maximum); IR, v max 3415 (OH), 1785 ( y- 
l a c t o n e ) ,  1705 ( e s t e r ) ,  1698 ( k e t o n e ) ,  1587 ( e n o l i c  double  bond);  MS, 
m/z_ ( r e l .  i n t . )  376 ( 1 4 .7 ,  M+ ) ,  360 ( . 9 ,  M-0),  290 ( 2 . 2 ,  M-C4H602 ) ,  69 
(100,  C ' ) .  Calcd .  f o r  C19H2008 : 376.1157.  Found: (MS) 376.1171.
A c e ta t e  (90) . A c e t y l a t i o n  of 30 mg of  55 in 1 ml p y r i d i n e  and 1 
ml o f  AC2O f o r  2 hr  fo l lowed  by t h e  usual  work-up gave 17 mg of a c e t a t e  
(90)  ; mp 57-60°C; IR, v max (CHCI3 ) ,  1798 ( y - l a c t o n e ) ,  1760, 1720, 
( e s t e r s ) ,  1700 ( k e t o n e ) ,  1598 ( e n o l i c  double  bond);  MS, m/z_ ( r e l .  i n t . )  
418 (1 1 .7 ,  M+ ) , 402 ( . 4 ,  M-0) ,  69 (100,  C ' ) ,  43 ( 1 8 .3 ,  Ac),  41,  (15 .3 ,  
C") .
I s o l a t i o n  of  compounds 37,  38, 51, 52, 54, and 56.
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P l a n t  m a t e r i a l - D r i e d  a e r i a l  p a r t s  of  Calea t e r n i f o l i a  va r .  
c a l y c u l a t a  (syn.  a l b i d a )  were e x t r a c t e d  wi th  Ch^Clg, and worked up 
a c c o r d in g  t o  a s t a n d a r d  p rocedure  (Scheme 2-1)  t o  give  t h e  crude  
t e r p e n o i d  syrup which was then chromatographed over  s i l i c a  gel t a k i n g  50 
ml f r a c t i o n s .  Pe tro leum e t h e r  ( P .E . )  was used as e l u e n t  fo l lowed by 
P . E . :  EtOAc m ix ture s  (90 :10 ;  80 :20;  70:30;  e t c . ) .  The crude  e x t r a c t s
of  t h r e e  d i f f e r e n t  p o p u l a t i o n s  of C. t e m i f o l i a  v a r .  c a l y c u l a t a  were 
a n a ly z e d .
A. C o l l e c t i o n  J .  Wussow and G. Landry No. 320: c o l l e c t e d  on 
October  16, 1980 in Mexico: San Luis P o t o s i ,  a long  small paved road t o  
Canoas;  2 .2  m i les  North of  j u n c t i o n  wi th  Hwy. 70. 200 g of  d r i e d  p l a n t s  
gave 2.77 g of  crude  sy rup .  Chromatography provided  10 mg 37 and 8 mg 
o f  a m ix tu re  of  37 and 38.
MS. /V.A.
B. C o l l e c t i o n  J .  Wussow and G. Landry No. 336: c o l l e c t e d  on 
October  21, 1980 in Mexico: J a l i s c o ,  in o a k -g ra s s  savanna r e g i o n ,  ca .  4 
m i le s  North o f  n o r th  edge o f  G uada la ja ra  on Hwy. 50 t o  Z a c a t e c a s .  Dried 
a e r i a l  p a r t s  (400 g) gave 4.1 g of t h e  crude sy rup .  Chromatography 
a f f o r d e d  145 mg 51^  from f r a c t i o n s  8-9 and 20 mg 56 from f r a c t i o n s  19- 
20.
C. C o l l e c t i o n  J .  Wussow and G. Landry No. 338: c o l l e c t e d  on
October  21, 1980 in Mexico: J a l i s c o ,  a long  Hwy. 15 to  T e p ic ,  11.9 mil es
west  of  west  j u n c t io n  with bypass  around G uada la ja ra  and Hwy. 15 t o  
Tep io .  The crudy syrup  o b ta in e d  from 136 g of d r i e d  a e r i a l  p a r t s  
c o n s i s t e d  of  10 mg t h e  known Caleochromene ADD from f r a c t i o n s  1 - 3 ,  90 mg
51 from f r a c t i o n s  13-14,  15 mg 52 from f r a c t i o n  16, 15 mg 54 from 
f r a c t i o n s  21-22,  and 10 mg 56 from f r a c t i o n s  24 and 25. Vouchers 
d e p o s i t e d  a t  LSI), U.S.A.
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8g -A n g e lo y lo x y -9 a -h y d ro x y ca ly cu 1 a to l id e  (37)  , C2qH2407 , mP 175° 
( d e c . ) ;  CD (c ,  5.1 x 10"4 , MeOH), l e l ZZ} -1 .1  x 104 , [ e ] 265 3*8 x
103 , [ 0 ] 31O 1 .5  x 103 ; IR, v max (CHC13 ) 3420 (OH), 1770 ( y - l a c t o n e ) ,
1720 ( e s t e r ) ,  1690 ( k e t o n e ) ,  1596 ( e n o l i c  double  bond);  MS, _rn/z_ ( r e l . 
i n t . ) ,  376 ( 5 . 3 ,  M+ ) ,  358 (0 .4  M-H20 ) ,  276 ( 0 . 7 ,  M-B), 83 (100,  B ' ) ,  55 
( 1 1 .5 ,  B") .  Ca lcd .  f o r  C20H2407 : 376.1521.  Found: (MS) 376.1490.
1 1 .1 3-Di h y d ro -1 1a , l  3 - e p o x y a t r i  p i i  ci  o l i  d e - 8 g - 0 - a n g e l a t e  ( 5 1 ) ,  
8208228 7» mP 58-91°;  UV, X max (EtOH) 262 nm ( e ,  4 .35  x 103 );  CD (c ,
5 .15 x 10"4 , MeOH), [©]228  + 1 *° x 1q4» t o ] 292" 2 ,9  x 1()3* t e ] 325 +
1 .4  x 103 ; IR, v max (CHC13 ) 1792 ( y - l a c t o r i e ) ,  1716 ( e s t e r ) ,  1708 
( k e t o n e ) ,  1650, 1593 (double  bond);  MS, m/z_ ( r e l .  i n t . ) ,  374 (1 7 .7 ,  M+ ) ,  
358 ( 0 . 5 ,  M-16),  274 ( 0 . 9 ,  M-B), 83 (100,  B1) ,  55 (3 3 .5 ,  B") .  Calcd.  
f o r  C2qH220 7 : 374.1365.  Found: (MS) 374.1364.
9
1 1 .1 3-Di hyd ro -11a , l 3 - e p o x y a t r i  p i i  c i  o l i  d e - 8 B -m ethacry la te  ( 5 2 ) ,  
C19H20°7» mP 155-158°;  UV, X max (EtOH) 262 nm (e  , 4.1 x IO3 );  CD ( c ,
6 .28  x 10“4 , MeOH), [ ° 3 235+ 7.4  x 103, [©]295 " 2,1 x 1C)3’ Ce^335 +
1.1 x 103; IR, v max (CHC13 ) 1793 (y - l a c t o n e ) ,  1718 ( u n s a t u r a t e d  
e s t e r ) ,  1708 ( k e t o n e ) ,  1591 ( e n o l i c  double  bond) ;  MS, m/z_ ( r e l .  i n t . ) :  
360 (2 4 .5 ,  M+ ) , 274 ( 1 . 4 ,  M-C), 69 (100,  C ) ,  41 (2 1 .7 ,  C") .  Calcd .  
f o r  Ci g H2007 : 360.1208.  Found: (MS) 360.1232.
15-Hydrox.y-l 1 , 1 3-d i  h y d r o -1 1 a , 1 3 - e p o x y a t r i  pi i c i  ol i de -8g -0 -an  gel a t e  
( 5 6 ) ,  C20H2208 , mp 118-121° ,  UV, X max (EtOH), 262 nm (e  ,7200) ;  CD (c .
5 .8  x 10- 4 , MeOH), [ e ] 227 + 1 .3  x 104 , C©]264+ 2 .8  x 103 , C©3293 “3-2
x 103 , [ 0 ] 329 + 1 . 8  x 103 ; IR, v max (CHC13 ) 3440 (OH), 1762
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( y - l a c t o n e ) ,  1723 ( e s t e r ) ,  1704 ( k e t o n e ) ,  1597 (double  bond): MS, _m/z_
( r e l .  i n t . )  390 ( 1 1 .3 ,  M+ ) ,  372 ( 0 .9 ,  M-HgO), 290 ( 0 . 7 ,  M-B), 138 
( 2 9 . 4 ) ,  83 (100,  B' ) ,  55 ( 3 1 . 0 ,  B") .  Calcd.  f o r  C20H2208 : 390.1313.  
Found: (MS) 390.1300.
9a-Hydrox.y-l 1 , 1 3-d i  h y d ro -1 1 a ,13-epox.ya tr i  pi i ci  ol i de-8g-0-an  gel a t e  
(54) , C20H2208 , mp 205-207°;  CD (c ,  4.1 x 10"4 , MeOH), [ 0]229 + 2 .6  
x 104, [O] 260 -  951, [©]282 + 3 .56  x 103, C©]315 + 6.7  x 103; IR,
v max (CHC13 ) 3420 (OH), 1793 ( y - l a c t o n e ) ,  1712 ( e s t e r ) ,  1697 
( u n s a t u r a t e d  k e to n e ) ,  1650,  1595 (double  bond);  MS, _m/z_ ( r e l . i n t . ) :  390 
( 6 . 7 ,  M+ ) ,  290 ( 1 . 6 ,  M-B), 83 (100,  B ' ) .  Calcd .  f o r  C2qH2208 : 390.1302.
I s o l a t i o n  of  2 , 3 - e p o x y c a le in  A (81) . Calea t e m i f o l i a  va r .  
t e r n i f o l i a  ( syn .  C. l i e b m a n i i ) was c o l l e c t e d  in Michoacan, Mexico on 
October  24,  1980 ( J .  Wussow and G. Landry No. 343, voucher  d e p o s i t e d  a t  
LSU, U .S .A . ) .
Dr ied  l e a v e s  (476 g) o f  C. t e m i f o l i a  v a r .  t e m i f o l i a  were 
e x t r a c t e d  wi th  CHC13 and worked up as o u t l i n e d  in Scheme 2-1 t o  get  7 .7  
g of  crude sy rup .  The sy rup  was chromatographed over  240 g s i l i c a  gel 
t a k i n g  100 ml f r a c t i o n s .  Pe tro leum e t h e r  was used as e lu e n t  fo l lowed by 
P . E . :  EtOAc mix ture  ( 9 0 :10 ,  80 :20 ,  70 :30;  60 :40;  e t c . ) .  F r a c t i o n s  were
monito red  by TLC.
F r a c t i o n s  11-12 p rov id ed  60 mg of  c a l e i n  (21) which was shown t o  be 
i d e n t i c a l  w i th  a u t h e n t i c a l  m a t e r i a l  by *H NMR and MS®. F r a c t i o n s  13-14 
gave 260 mg of  81 and f r a c t i o n  18 y i e l d e d  20 mg of  32 .
2 ,3 -Epoxyca le in  A ( 8 1 ) ,  C22H280g,  gum; UV, A max.(MeOH) 216 nm ( e ,
75
1 .74 x TO4 ) ; IR, v max (CHC13 ) ,  3470 (OH), 1765 ( y - l a c t o n e ) ,  1730 
(k e to n e ,  e s t e r ) ,  1695 ( u n s a t u r a t e d  e s t e r ) ;  MS, m/z_ ( r e l .  i n t . ) :  436 
( 1 . 1 ,  M+ ) ,  418 (14, M-H20 ) ,  394 ( . 4 ,  M-42) , 376 ( . 9 ,  M-C2H402 ) ,  277 
( 2 . 5 ,  C5H702 ) ,  83 (100,  B' ) ,  55 (3 7 .3 ,  B") ,  43 (4 2 .5 ,  Ac).
Epoxide (91^) Epox ida t ion of  42 mg of  c a l e i n  A (21_) in 10 ml 
d ich lo rometh ane  and 1.2  eq.  of  m-CPBA (17 mg) was al lowed f o r  2 days a t  
RT. The r e a c t i o n  m ix ture  was t r e a t e d  wi th  5% Na^Og,  s a t u r a t e d  NaHCOj, 
washed wi th  w a t e r ,  and d r i e d  over Na2S04 . A f t e r  f i l t e r a t i o n ,  
e v a p o ra t i o n  and p u r i f i c a t i o n  by PLC ( P .E . :  EtOAc = 6 : 4 ) ,  7 .5 mg 21^  and 
9 .6  mg of 91^  were o b t a i n e d .  Compound 91^  , C22H2g09 , mp 223-225°C; IR, 
v max (CHCI3 ) 3420 (OH), 1775 (epoxy e s t e r ) ,  1765 ( y - l a c t o n e ) ,  1745 
( e s t e r ) ,  1695 ( a , e  - u n s a t u r a t e d  k e to n e ) ;  MS, m/z_ ( r e l .  i n t . ) :  436 (M+ , 
no t  o b s . ) ,  394 ( 1 . 6 ,  M-42) , 376 ( . 3 ,  M-C2H402 ) ,  321 ( 4 . 6 ,  M - ( D - l ) ) ,  125 
( 1 9 . 1 ) ,  116 ( 1 9 .1 ,  D),  82 ( 5 7 ) ,  43 (100,  Ac).
Chapter 3
The i s o l a t i o n  and s t r u c t u r e  e l u c i d a t i o n  of s e s q u i t e r p e n e  l a c t o n e s  from 
B e r l a n d i e r a  t exana  and B. l y a t r a .
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3.1 I n t r o d u c t i o n
The genus B e r l a n d i e r a  DC, with i t s  f o u r  s p e c i e s  be longs t o  the
7 ?Qfami ly  Composi tae,  t r i b e  H e l i a n t h e a e .  * These fou r  s p e c i e s  a re  
B e r l a n d i e r a  s u b a c a u l i s  ( N u t t ) ,  _B. pumi1 a (Michx) N u t t . ,  B^. t exana  DC, 
and JJ. l y a t r a  Bentham. The f i r s t  s p e c i e s  i s  found in t h e  south of the  
U.S. and th e  o t h e r  t h r e e  a r e  r e s t r i c t e d  t o  t h e  s t a t e  of Texas.
o n
In 1972, Herz et_ al_. d e s c r i b e d  two g u a i a n o l i d e s ,  be r l a n d in  
(92)  and suba ca u l in  (93) from _B. s u b a c a u l i s  ( N u t t . ) .  A f u r t h e r  
g u a i a n o l i d e ,  pumil in  (95)  was f i r s t  i s o l a t e d  in our l a b o r a t o r y  /from _B.
O 1
pumi1 a (Michx) Nu t t ,  by Mr. Char le s  Leonard.  _B. t exana  and B. l y a t r a
a l s o  co n ta in  pumil in  as wel l  as 3a-epoxypumil in  (94 ) .  Table  3-1 l i s t e d
t h e  c o n s t i t u e n t s  found in t h e  fo u r  .Ber land iera  s p e c i e s .
3 .2  I s o l a t i o n  of  pumil in  and 3a-epoxypumil in .
The d r i e d  and ground p l a n t  m a te r i a l  of  J8. t exana  and B_. l y a t r a  was
e x t r a c t e d  ac co rd ing  t o  a genera l  procedure o u t l i n e d  p r e v i o u s ly  in 
Chap te r  2. The crude  t e r p e n o i d  sy rup e x h i b i t e d  *H NMR s i g n a l s  t y p i c a l  
f o r  v i n y l i c  p r o tons  ( 5 . 5 - 7 . 0  ppm) t h a t  must belong t o  an a ,  B -unsa tu ra ted  
carbonyl  sys tem, v i n y l i c  methyls  ( 1 . 7 5 - 2 .2 5  ppm) and methyl groups 
a t t a c h e d  t o  s a t u r a t e d  ca rbons  ( 1 .5  ppm).
The syrup  was examined by t h i n  l a y e r  chromatography t o  de te rmine  
t h e  approx imate  number of  compounds and t o  f i n d  a s u i t a b l e  s o lv e n t  f o r  
s e p a r a t i o n  by coluim chromatography.  The s e p a r a t i o n  was c a r r i e d  out  as 
d e s c r i b e d  in t h e  e xpe r im en ta l  s e c t i o n  p r o v id in g  two new s e s q u i t e r p e n e  
l a c t o n e s  t h e  s t r u c t u r e  d e te r m in a t io n  of which i s  d e s c r i b e d  below.
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Spec ie s Ber landin Subacaul in Pumi1 in 3o-Epoxypumilin
B . s u b a c a u l i s + + - -
( N u t t . )
B.pumila - - + -
Michx) N u t t .
B . t exana  DC - - + +
B . l y a t r a  Bentham - “ + +
Table 3 -1 .  S e s q u i t e rp e n e  l a c t o n e s  p r e s e n t  in t h e  genus B e r l a n d i e r a .
3 .3  The s t r u c t u r e  of pumil in  (95)
A c o l o r l e s s ,  c r y s t a l l i n e  compound which we named pumil in  was 
i s o l a t e d  from the  e x t r a c t s  of  d r i e d  a e r i a l  p a r t s  of  J3. pumi la  (Michx) 
N u t t . ,  JB. t e x a n a , and B_. l y a t r a . Pumil in  ( 9 5 ) ,  C2oH22° 7 » mP 244-245°C 
( d e c ) ,  showed UV (A max 257 nm) and IR (1680, 1640, and 1620 cm"1 ) 
a b s o r p t i o n s  which were c h a r a c t e r i s t i c  of  t h e  dienone chromophore 
(G) p r e s e n t  in a number of g u a i a n o l i d e s . ^  The 1H NMR s i g n a l s  a t  2 .42 
(C-4 -CH3 ) ,  2 .61(C-10-CH3 ) and 6.33  ppm (H-3) a l s o  s u p p o r t e d  a 
cyc lo pen tenone  moeity in pum il in .
(S)














c h - c h 3
F ig u re  3-1.  The s t r u c t u r e s  of  s e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  from 
B e r l a n d i e r a  s p e c i e s .
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i n d i c a t e d  by IR bands an t  3460 and 1775 cm"*, r e s p e c t i v e l y .  An IR 
a b s o rp t io n  a t  1715 cm“* sugges ted  an a d d i t i o n a l  e s t e r  f u nc t ion  in the  
m ole cu le .  The NMR and MS d a ta  c o r r o b o r a t e d  the  above a s s ig n m en t s .  A 
s e r i e s  of d i a g n o s t i c  s i g n a l s ,  a one-p ro ton  q u a r t e t  of  q u a r t e t  a t  5 .98
ppm (H-31, _Jh_3'  3'cHg = ^  ^z > _JjH-3' 3 ' -CH3 = anc* two met,1yl
a b s o r p t i o n s ,  a broadened q u a r t e t  a t  1.97 ppm (C -2 ' -CH3 ) and a doub le t  of  
a q u a r t e t  a t  2.02 ppm (C-31-CH3 ) , sugges ted  th e  p resence  of  an a n g e l a t e  
moiety in l a c t o n e  95 . This  was s uppor ted  by a s e r i e s  of s t r o n g  MS 
peaks a t  _m/z_ 274 (M-A), 83 (A^) ,  and 55 (A£).
F u r t h e r  ass ignm ents  of the  b a s i c  s k e le to n  of pumil in  were deduced 
from e x t e n s i v e  double  resonance  exper imen ts  in p y r i d i n e - d g .  I r r a d i a t i o n  
of the  m u l t i p l e t  a t  4 .51  ppm (Hc ) removed th e  l a r g e  coup l ings  of  the  two 
a l l y l i c l y  coupled  p ro tons  a t  6 .46  and 6 .60  ppm (Hfl and H^), 
r e s p e c t i v e l y ,  c o l l a p s e d  th e  doub le t  a t  4 .23  ppm (Hd ) to  a s i n g l e t  and 
s i m p l i f i e d  t h e  broadened d o ub le t  of  d o u b l e t s  a t  4 .22  ppm (Hg ) t o  a 
d o u b l e t .  When th e  s ig n a l  a t  4 .22  ppm (Hg ) was i r r a d i a t e d ,  t h e  broadened 
d o u b le t  a t  6 .98  ppm (Hf ) c o l l a p s e d  t o  a broadened s i n g l e t .  On th e  b a s i s  
of  t h e  above chemical  s h i f t s  and co u p l in g  da ta  t h e  p a r t i a l  s t r u c t u r e s  H 
and I can be f o rm u la t e d .  I t  was hoped t h a t  upon a c e t y l a t i o n  of pumilin 
t h e  hydrogen a t t a c h e d  t o  t h e  carbon c a r r y i n g  t h e  hydroxyl  group would 
s h i f t  dow nf ie ld ,  a l low ing  an unambiguous d e c i s i o n  between p a r t i a l  
formulae  H and I .  . At tempts  t o  p r e p a r e  pumil in a c e t a t e  in
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a c e t i c  a n h y d r i d e / p y r i d i n e  r e s u l t e d  in decomposi t ion  of  t h e  s u b s t r a t e .
o n
However, p r e p a r a t i o n  of  t h e  p y r a z o l in e  d e r i v a t i v e *  (96) a l lowed 
assignment  of  Hd and Hg in t h e  spectrum i n d i c a t i n g  t h a t  Hd , a doub le t  a t  
4 .96  ppm (J = 10.5 Hz),  was s h i f t e d  c o n s id e r a b l y  f a r t h e r  downfield  than 
Hg a t  3 .78  ppm s u g g e s t in g  t h a t  Hd r e p r e s e n t  t h e  l a c t o n i c  proton and He 









Th is  exc luded p a r t i a l  s t r u c t u r e  I and by combining fragments  G and H 
a l lowed th e  fo rm u la t ion  of  a g u a i a n o l id e  s k e le to n  f o r  pum i l in .  The only 
p o s i t i o n  f o r  a t t achm en t  of t h e  unass igned  oxygen in pumilin cou ld  be a t  
C-5. This  l ed  t o  fo rm ula r  95 e x c lu s i v e  of  t h e  s t e r e o c h e m is t r y  a t  C-5 t o  
C-9.
Assuming t h a t  H-7 be a as  in a l l  s e s q u i t e r p e n e  l a c t o n e s  from h ig h e r
O 1
p l a n t s ,  t h e  c o n f i g u r a t i o n s  a t  C-6  t o  C-9 could be d e r ive d  from t h e  H 
NMR coup l in g s  when c o r r e l a t e d  wi th  t h e  d ih e d r a l  a ng le s  ob ta in e d  from 
s te reomodel  c o n s i d e r a t i o n s .  The l a r g e  c oup l ing  between H-6  and H-7 
( J^  7 = 10.5 Hz) sugges ted  an a n t i p e r i p l a n a r  o r i e n t a t i o n  of t h e  two 
n u c l e i ,  t h a t  i s  H-63 o r  the  p resence  of  a t r a n s - 6 , 1 2 - l a c t o n e  in 95 .
*The p y r a z o l in e  d e r i v a t i v e  (96)  was p repa red  by Dr. Ngo Le Van.
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A n e g a t i v e  band at  268 nm in the  CD spectrum ( s e e  Figu re 3 -2 )
OO
of 95 suppor ted  t h i s  as s ignment  a l though  i t  i s  known t h a t  t h i s
34c r i t e r i o n  does not  hold in a l l  c a s e s .  F u r th e r  l a r g e  coup l in g s  nea r
o
K
220 >50 'aoo 350 400 nm
Figure  3-2 The ,CD spectrum of pum il in .
10Hz between H-7 and H-8 as wel l  as H-8 and H-9 a l s o  sugges ted  
a n t i p e r i p l a n a r  hydrogens a t  t h e s e  c e n t e r s  from which H-83 and 
H-9a c o n f i g u r a t i o n s  were d e r i v e d .  F u r t h e r  ev idence  f o r  an a - o r i e n t e d  OH 
group a t  C-8 was p rov id ed  by the  geminal c oup l ing  between th e  two C-13 
p ro tons  t o g e t h e r  wi th  a paramagne t ic  s h i f t  of  H-13 below 6 ppm. The 
c o n f i g u r a t i o n  of  t h e  OH group a t  C-5 could not  be d e r iv e d  from NMR data  
o f  95 . The *H NMR spectrum of  95 i s  shown in F igu re  3-3 and NMR da ta  
o f  94, 95, and 96 a re  l i s t e d  in Table 3 -2 .A./V. 9
The remaining s t r u c t u r a l  a m b i g u i t i e s  of  pumil in  were e s t a b l i s h e d  by 
s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n .  F ig u re  3-4 shows th e  B-face of t h e  
s k e le to n  of  p u m i l in ,  which r e p r e s e n t s  a g u a i a n o l id e  wi th  a 12 ,6a -  
1 a c t o n i z e d  a - m e t h y l e n e - y - l a c t o n e  and a 5a-0H group.
Figure 3 -3 .  200 MHz 'H NMR spectrum o f  pumil in (95)  in p y r i d i n e - d g .
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Fig u re  3-4 .  S te reov iew  of pumil in  (94)
3 .4  The s t r u c t u r e  of  3a-epoxypumil in  (94) .
3a-Epoxypumi1 in ( 9 4 ) ,  C2qh22^8» a c r y s t a l l i n e  compound, mp 178- 
183°C, was i s o l a t e d  as a minor  c o n s t i t u e n t  from JJ. t exana  and i s  the  
major  component in B. l y a t r a .  The NMR spectrum (F igure  3-5)  
e x h i b i t e d  a b s o r p t i o n s  which were very s i m i l a r  t o  pumil in  (95) excep t  
t h a t  t h e  l o w f i e l d  narrow q u a r t e t  a t  6 .33 ppm as s ig n e d  t o  H-3 in 95 was 
r e p l a c e d  by a sha rp  s i n g l e t  a t  3 .87 ppm in t h e  new compound.
F u r the rm ore ,  i n s t e a d  of  t h e  C-4-methyl  a b s o rp t io n  a t  2 .42 ppm in 95 , 
compound 94 e x h i b i t e d  a t h r e e - p r o t o n  s i n g l e t  a t  1 .93 ppm. This  s t r o n g l y  
sugges ted  t h a t  t h e  new compound r e p r e s e n t e d  a 3 ,4 - e p o x id e  d e r i v a t i v e  of  
pu m i l in .
The c o n f i g u r a t i o n s  a t  t h e  c e n t e r s  Cg t o  Cg in 94 were found t o  be 
the  same as in pumilin (95) on the  b a s i s  of  t h e  *H NMR c oup l ings  (Table
3 - 2 ) .
The c o n f i g u r a t i o n s  a t  C-3, C-4, and C-5 of 94 were e s t a b l i s h e d  by 
s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n  (F igure  3-6)  and shown t o  
be H-33, H-4e,  and 5a-0H.
Figure 3 -5 .  200 MHz 'H NMR spectrum o f  3a-epoxypumilin  (94)%(CDC13 )
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F ig u re  3-6 .  X-ray s t r u c t u r e  of  3a-epoxypumil in  (94) .
1 3The C NMR spectrum (F igure  3-7)  was t e n t a t i v e l y  a s s ig n e d  on th e  
b a s i s  of s i n g l e  f requency  s e l e c t i v e l y  decoupled spectrum (SFSD) and by 
c o r r e l a t i o n  with r e f e r e n c e  compounds d e s c r ib e d  in t h e  
l i t e r a t u r e .  A number o f  t h e  NMR s i g n a l s  could be a s s ig n e d  on
the  b a s i s  of  t h e i r  chemical s h i f t  and t h e  m u l t i p l i c i t y  of  the  s i g n a l s .  
Other  ass ignments  r e q u i r e d  SFSD e x p e r im e n t s .  For  i n s t a n c e ,  when
th e  C4-CH3 proton carbon m u t i p l e t  was i r r a d i a t e d ,  t h e  C-15 q u a r t e t  in
13t h e  n o i s e - d e c o u p l e d  C spect rum c o l l a p s e d  i n t o  a sha rp  s i n g l e t  a t  14.36 
ppm wi th  s ig n a l  enhancement  a t  65.14 ppm. When in t h e  NMR spect rum 
of  3a-epoxypumi1 in the  maximum i n t e n s i t y  of  the  decoup l ing  f i e l d  was s e t  
a t  t h e  resonance f re quency  of  t h e  C - 3 1 methyl a t  1 .92 ppm, n o t  on ly  the  
s p l i t t i n g  o f  t h e  d i r e c t l y  bonded n u c le i  ( ^ C -* H )  of  t h e  C-3 ' -methy l  
m u l t i p l e t  and t o  a l e s s e r  e x t e n t  t h e  C-2 ' -methy l  s ig n a l  a t  2 .03  ppm were 
p e r t u r b e d ,  but  t h e  l o n g - r a n g e  c o u p l in g s  (^C-C -H  and ^C-C-C-H)
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o c c u r r in g  in t h e i r  r esonances  were a l s o  a f f e c t e d .  As a d i r e c t  r e s u l t  of
t h i s  dec o u p l in g ,  t h e  i n t e n s i t i e s  of t h e  n o n p r o to n - b e a r in g  carbons C -2 ‘
and t h e  C - l ' carbonyl  carbon s i n g l e t s  a t  125.65 and 166.06 ppm,
r e s p e c t i v e l y ,  i n c r e a s e d  in the  SFSD spect rum.  By th e  a p p l i c a t i o n  of the
1 3same t e c h n iq u e  d e s c r i b e d  above p a r t i a l l y  d e s ig n a t e d  C NMR methyl
s i g n a l s  a t  13 .07 ,  14 .36 ,  14 .98 ,  and 19.45 ppm as wel l as the  methine *3C
resonances  a t  47 .24 ,  6 9 .17 ,  73 .26 ,  78 .16 ,  cou ld  be a s s ig n e d  t o  C-4-CH3 ,
C-lO-CHg, C-3' -CH3 , C-2 ' -CH3 , C-7,  C-8,  C-9,  and C-6, r e s e p c t i v e l y .
The 13C NMR s i g n a l s  a t  125 .64 ,  132.27 ,  135 .69 ,  and 155.22 ppm
c o r re s p o n d in g  t o  non p r o t o n - b e a r i n g  o l e f i n i c  carbon atoms as wel l as t h e
carbonyl  ca rbons a t  166 .06 ,  167 .59 ,  and 193.99 ppm were s o r t e d  out
du r ing  t h e  SFSD expe r im en t s  by o b se rv ing  th e  enhancements in t h e
13i n t e n s i t i e s  of t h e  resonances  of  t h e  n o n p r o to n - b e a r in g  C n u c l e i .  A
1 3summary of C NMR p a ram ete rs  i s  given in Table  3-3.
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T a b le  3 - 2 .  *H fWR p a ra m ete rs3 .o f  3 a -ep o x y p u m il in  ( 9 4 ) ,  and p um il in  ( 9 5 ) ,  and p y r a z o l i n e  (9 6 )
94 95 96
H-3 3 .8 7 [3 .78] 6 .3 3 [6 .2 2 ]  q (1 .5 ) 6 .15  br
H-6 4 .2 4 [3 .9 3 ] (c )d {1 0 .5 ) 4 .1 3 [3 .9 3 ]  (c )d (1 0 .5 ) 4 .94  d (1 0 .5 )
H-7 4 .6 1 [3 .9 3 ] (c )  dddd 4 . 5 1 [3 .93] (c ) dddd 3.53  dd (10 , 1 0 .5 )
(3 .0 ;  3 .5 ; 10; 1 0 .5 ) (3 .0 ;  3 .5 ;  10; 1 0 .5 )
H-8 [3 .9 3 ]  (c ) 4 .2 2 (3 .9 3 ]  brdd (10; 10) 3 .78  dd (10 , 10 .5 )
H-9 7 .1 1 [6 .2 5 ] (c )b rd (1 0 ) 6 .9 8 (6 .1 ]  brd (10) 5.93 brd (10)
H-13a 6 .4 6 [6 .2 5 ] (c )d d (3 .5 ;  1 .5 ) 6 .4 6 (6 .2 2 ]  (c ) dd (3 .0 ;  1 .5 ) 2 .05  m (b )
H-13b 6 .5 6 [6 .2 5 ] (c )d d (3 .0 ;  1 .5 ) 6 .6 0 (6 .2 2 ]  (c )  dd (3 .0 ;  1 .5 )
C-4-Me 1 .9 3 [1 .8 ] 2 .4 2 [2 .33] d (1 .5 ) 2 .14  br
C-10-Me 2 .4 6 [2 .2 2 ] br 2 .6 1 [2 .3 0 ]  br 2 .33  br
C -3 '-H 5 .9 5 [6 .2 5 ] (c )q q (7 .25; 1 .5 ) 5 .9 8 (6 .2 2 ]  (c )  qq (7 .5 ;  1 .5 ) 6.21 qq (7 .0 ,  1 .5 )
C -2'-M e 1 .9 2 [2 .0 5 ] brq (1 .5 ) 1 .9 7 [2 .0 2 ]  brq (1 .5 ) 1.90 br
C-3'-M e 2 .03C 2.01] dq (7 .2 ;  1 .5 ) 2 .0 2 (2 .0 3 )  dq (7 .5 ;  1 .5 ) 1.98 br
C-13-CH2 4 .74  dd (7 .0 ;  8 .0 )
aThe spectrum of 94, and 95, and 96 were run at 200 MHz in p yrid in e -d g  w ith  TMS as 
in te rn a l standard. The data given in brackets were obtained in deuterochloroform .
Chemical s h if ts  (6 )  are in parts  per m il l io n ;  coupling constants or l in e  separations  
are given 1n parenthesis ; m u lt ip l ic it ie s  are designated as fo llo w s: d, doublet; q , q u a rte t;  
m, m u lt lp le t  w ith  center g iven; br broadended s ig n a l, ^obscured by other s ig n a ls . 
cPart o f a complex m u lt lp le t .
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Table 3-3 13C NMR p a ra m e t e r s 3 f o r  3a-epoxypumi1 in (94 ) .
Carbon 5 , m u l t i p l i c i t y Carbon 6 , m u l t i p l i c i t y
1 155.22 s 11 135.69 s
2 193.99 s 12 167.69 s
3 63.64  d 13 122.23 t
4 65.14  s 14 13.07 q
5 74.62 s 15 14.06 s
6 78.16 d 1 ' 166.06 s
7 47 .24  d 2 ' 125.65 s
8 69.17 d 3' 140.97 d
9 73.26  d 4 ' 19.45 q
10 132.27 s 5 ‘ 14.98 q
aS p e c t r a  were ob ta in e d  in CDC13 a t  ambient  t e m p e ra tu re  a t  20 MHz. Chemical 
s h i f t s  ( 6 ) a re  in ppm r e l a t i v e  t o  TMSi as i n t e r n a l  s t a n d a r d  as de te rmined by 
proton n o i s e  de c o u p l in g .  Peak m u l t i p l i c i t y  was o b ta in e d  by o f f - r e s o n a n c e  
decoupl ing  (3 .5  ppm above TMSi). M u l t i p l i c i t i e s  a re  d e s ig n a t e d  by t h e  
f o l l o w in g  symbols:  s = s i n g l e t ,  d = d o u b l e t ,  t r  = t r i p l e t ,  q = q u a r t e t .
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3 .5  Exper imental
The fo l lo w in g  g e n e r a l i z a t i o n  may be made about  equipment  and 
c o n d i t i o n s  wi th  r egard  t o  da ta  p r e s e n te d  in t h i s  s e c t i o n :
IR s p e c t r a  were o b t a in e d  on a Perkin Elmer 621 I n f r a r e d  
S p e c t ropho tom e te r ;
_UV_ s p e c t r a  were reco rded  on a Cary-14 Recording  Spec trophotomete r  
us ing  methanol as a s o l v e n t ;
CD s p e c t r a  were run on a Durram-Jasco J -2 0  Spec tropho tomete r  us ing 
methanol as s o l v e n t ;  t h e t a  va lues  f o r  wavelengths  below 220 nm bear  
g r e a t  u n c e r t a i n t y  due to  l i g h t  ab s o rp t io n  by th e  s o l v e n t ,  a l though  the  
s ig n s  of the  Cottons  e f f e c t s  remain c e r t a i n ;
M e l t ing  Po in t  were dete rmined  on a Thomas Hoover C a p i l l a r y  Melt ing  
Po in t  Appratus  and a re  u n c o r r e c t e d ;
NMR s p e c t r a  were reco rded  on a Bruker  WP 200 F o u r i e r  Transform NMR 
Spe c t rom e te r  a t  200 MHz; c o n d i t i o n s  a re  p r e s e n t e d  wi th  i n d iv i d u a l  d a t a ;
Mass S pe c t r a  were o b t a in e d  on a Varian MAT 711 High Reso lu t ion  Mass 
Spe c t rom e te r  a t  70 eV.
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I s o l a t i o n  of  pumil in  (95)  and 3a-epoxypumi1 in (94)
A. Dried a e r i a l  p a r t  (250g) of  B e r l a n d i e r a  t exana  DC. (G. Newsom, 
c o l l e c t e d  on J u ly  1, 1979 in T rav is  Country ,  Texas;  voucher i s  d e p o s i t e d  
a t  t h e  Ohio S t a t e  U n i v e r s i t y  Herbarium, Columbus, Ohio) were e x t r a c t e d  
and worked up as o u t l i n e d  be fo re  y i e l d i n g  3.1g of crude syrup which was 
chromatographed over  lOOg s i l i c a  gel (EM Reagents  70-230 mesh) us ing  a 
m ix tu re  of  pe tro leum e t h e r  ( P- E. )  and e th y l  a c e t a t e  as e l u e n t  and t a k i n g  
100 ml f r a c t i o n s .  P ro g re s s  was moni tored  by t h i n  l a y 6 r  chromatography 
(TLC).
Lac tones were found th rough f r a c t i o n s  7-12.  F r a c t i o n s  7-8 
p ro v id e d ,  a f t e r  p r e p a r a t i v e  l a y e r  chromatography (PLC) ( P .E . :  e t h e r ,  
1 : 2 ) ,  14 mg of  3a-epoxypumi1 in (94 ) .  F r a c t i o n  9 y i e l d  200 mg of 
pumil in  (95) .
B. A c o l l e c t i o n  of  B e r l a n d e r i a  l y a t r a  Bentham (N.H. F i s c h e r ,  H. 
F i s c h e r ,  and A. Malcolm, Fi 132) was made on June 17, 1982, 3 -3 .5  miles  
sou th  of  A lp ine ,  Texas.  Voucher specimens a re  d e p o s i t e d  a t  the  
Lou is iana  S t a t e  U n i v e r s i t y  Herbarium in Baton Rouge, L o u i s i a n a .  Dried 
l e a v e s  (400g) were e x t r a c t e d  and worked up as p r e v i o u s l y  o u t l i n e d  
p r o v id in g  5.2 g of  crude  syrup which was chromatographed over  s i l i c a  gel 
u s ing  m ix ture s  of  P.E.  and e th y l  a c e t a t e  wi th  i n c r e a s i n g  amounts of  
e thy l  a c e t a t e .  F r a c t i o n s  12-14 gave 351 mg 3a-epoxypumil  in and 97 mg of  
pumil in  from f r a c t i o n s  15-17.  In a d d i t i o n ,  328 mg of  a mix tu re  of the  
two compounds was o b t a i n e d .
3ot-epox.ypumi 1 in ( 9 4 ) .  C20H22^8» mP 178-183°C ( d e c ) ;  UV
(m ethano l ):X max 253 nm ( e ,  2400);  203 nm (e ,  7 ,1 0 0 ) ;  IR: v max 3400 (OH), 
1765 ( y - l a c t o n e ) ,  1710 ( e s t e r ) ,  1680 sh (cyc l  openten one) 1620-1640 broad
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(double  bonds ) ,  1225 ( e p o x id e ) ;  MS _m/z_ ( i n t e n s i t y ,  a s s i g n m e n t s ) :  390 
( 0 . 2 ,  M+ ),  374 ( 0 . 1 ,  M-Q), 354 ( 0 . 3 ,  M-2H20 ) ,  308 ( 0 . 7 ,  M -A ^ ,  291 ( 4 .4 ,  
M A-H or  M-Ar 0 ) ,  277 ( 1 . 6 ,  261 ( 1 . 0 ) ,  244 ( 0 .7 ,  M-A-H20-C0) ,  216 ( 0 .6 ,  
M-A-H2-2C0),  195 ( 3 . 3 ) ,  177 ( 2 . 9 ) ,  165 ( 9 . 2 ) ,  161 ( 1 . 2 ) ,  149 ( 2 . 5 ) ,  128 
( 1 . 7 ) ,  83 (1 0 0 ,A j ) ,  69 ( 8 . 5 ) ,  55 ( 2 5 .5 ,  A2 ).  Anal .  Calcd .  f o r  CjjjHj^Og 
(M-C5H702 ) Mr = 291.0867.  Found: Mr (ms) = 291.0862.
Pumilin ( 9 5 ) ,  C2qH2207 , mp 244-245°C (dec ,  maroon c o l o r ) ;
UV X max (methanol)  257 nm (e = 8 ,4 0 0 ) ;  CD [0]222 + 4»® x ^®^268 
- 4 . 7  x 104 ; [ 0 ] 3OO 0;  [ e ] 351 + 2 x 104 ; IR (KBr): v max 3460 (OH), 1775
( y - 1 a c t o n e ) ,  1715 ( e s t e r ) ,  1680 ( eye1 openten one) ,  1640 (double  bond) ,  
1620 ( c i s o i d  double  bond);  MS jm /z_( in tens i ty , a s s ignm en ts )  374 ( 1 . 0 ,  M+ ) ,  
356 ( 1 . 8 ,  M-H20 ) ,  338 ( 1 . 6 ,  M-2H20 ) ,  291 ( 6 . 1 ,  M -A ^ ,  274 ( 4 . 6 ,  M-A),
256 ( 3 . 6 ,  M-A-H20 ) ,  228 ( 1 . 8 ,  M-A-H20-C0) ,  200 ( 1 . 1 ,  M-A-H20-2C 0) , 185 
( 1 . 0 ,  M-A-H20-2C0-CH3 ),  178 ( 2 . 5 ) ,  165 ( 1 . 2 ) ,  161 ( 1 3 . 2 ) ,  150 ( 3 . 4 ) ,  83 
(A^) ,  69 ( 5 . 5 ) ,  55 ( 1 5 .8 ,  A2 ).
Chapter 4
P r e p a r a t i o n s  and f r a g m e n ta t io n s  of  1 ,3-d ihydroxyeudesmanol ide  
d e r i  va t i  ves .
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4 . 1  In tr od u ct i on
The c o s tu s  p l a n t ,  Saussurea  lappa  C l a rk ,  which grows on th e  s lo pes  
of  t h e  Himalayas,  belongs  t o  the  Compositae f am i ly .  The e s s e n t i a l  o i l  
o b t a in e d  from c o s tu s  r o o t s  i s  h igh ly  valued in perfumery as a b lend ing  
a g e n t . ^
The chem is t ry  of  c o s tu s  o i l  was i n v e s t i g a t e d  f o r  the  f i r s t  t ime by 
Semmler and F e l d s t e i n  in 1914 .^ °  Romanuk _et__al_. had i s o l a t e d  c o s tu s  
l a c t o n e  by f r a c t i o n a l  d i s t i l l a t i o n  in 1 9 5 8 . In 196Q, Bha t tacharyya  e t
A O
a l . o b t a in e d  c o s tu s  o i l  by a s o lv e n t  e x t r a c t i o n  p rocedu re .  The o i l  
t h u s  o b t a in e d  was q u i t e  d i f f e r e n t  from t h e  o i l  examined by p rev ious  
w orke rs .  One of t h e  c o n s t i t u e n t s  of t h i s  o i l  was a new c r y s t a l l i n e  
s e s q u i t e r p e n e  l a c t o n e  which they  named c o s t u n o l i d e  ( 9 7 ) .  This  l a c t o n e  
i s  r a t h e r  u n s t a b l e ,  p a r t i c u l a r y  a t  e l e v a t e d  t e m p e r a t u r e .
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V I /
This  may ex p la in  why t h e  e a r l i e r  i n v e s t i g a t i o n s  f a i l e d  t o  d e t e c t  i t s  
p resence  in the  c o s tu s  ro o t  o i l .  The pr imary c o n s t i t u e n t  of  t h e  c o s tu s  
o i l  seemed t o  be t h i s  l a c t o n e .  Two communications d e a l t  wi th  t h e  
s t r u c t u r e  and a b s o l u t e  c o n f i g u r a t i o n  of  97 . 4 3 ,4 4  Bohlmann e t  a l . ^  
i s o l a t e d  c o s t u n o l i d e  from t h e  a e r i a l  p a r t  of  Cosmos su lphu reus  Cav. and 
Cosmos hybr idus  Klondyke by colutm chromatography.  T o r i b i o  and 
Geissman^® o b ta in e d  c o s t u n o l i d e  from Hymenoclea monogyra by t h e  
combinat ion t e c h n i q u e  o f  the  s o lv e n t  e x t r a c t i o n  p rocedure  and column 
chromatography.
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Over t h e  y e a r s  t h e  c y c lo d e c ad ie n e  r i n g  system, i n c l u d in g  th e  
ge rm a c r a n o l id e s ,  of which c o s t u n o l i d e  i s  the  s im p l e s t  member, has 
r e c e iv e d  l i m i t e d  a t t e n t i o n  by s y n t h e t i c  o rgan ic  c h e m i s t s .  The f i r s t  
s y n t h e s i s  of a ge rm acrano l ide  was d e s c r i b e d  by Corey and Hortman47 which 
invo lve d  th e  photochemical  t r a n s f o r m a t i o n  of  t h e  eudesmanolide 
d e r i v a t i v e  (98)  f o r  c o n s t r u c t i o n  of t h e  1 ,5 -cy c lo d ec a n e  r i n g  system 
100 (equa t io n  4 - 1 ) .
hv
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In 1977, Gr ieco and Nishizawa r e p o r t e d  t h e  t o t a l  s y n t h e s i s  of 
c o s t u n o l i d e  (97) via s y n t h e t i c  dehydrosaussu rea  l a c t o n e  (108) by 
u t i l i z i n g  th e  Cope rea r rangement  f o r  c o n s t r u c t i o n  of  the  ten-membered 
c a r b o c y c l i c  u n i t  (Scheme 4 - 1 ) .  The s t a r t i n g  po in t  of  t h e i r  s y n t h e s i s  
was k e t o - l a c t o n e  (102)  , which was p repa red  from s an ton in  (101) by a 
t w o - s t e p  p rocedure  i n v o lv i n g  hydrogenat ion  and e p im e r i z a t i o n  a t  C - 4 . ^  
Treatment  of t h e  k e t o - l a c t o n e  with t o s y l h y d r a z i n e  p rov ided  the  
c o r r e s p o n d in g  hydrazone which ,  when t r e a t e d  wi th  excess  l i t h i u m  
d i i s o p r o p y l  amide in dry t e t r a h y d r o f u r a n  a t  0°C, gave t h e  o l e f i n  
(103) .  Ozonolys is  of  103 fo l lowed by r e a c t i o n  wi th  sodium borohydride  
gave t h e  d io l  104 . Treatment  of  d io l  104 wi th  o - n i t r o p h e n y -  
s e l e n o c y a n a t e  in p y r i d i n e - t e t r a h y d r o f u r a n  (1 :1 )  c o n t a i n i n g  t r i b u t y l - 
phosphine  gave e x c l u s i v e l y  t h e  monoselen ide  105 in e x c e l l e n t  y i e l d .
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P r i o r  t o  ox id a t io n  of  s e l e n i d e  105 t o  i t s  c o r r e spond ing  s e l e n o x i d e ,  
they  a t t em p ted  t o  c onve r t  monose len ide 105 t o  t h e  b i s - s e l e n i d e  110 by 
resubmiss ion  of  105 t o  t h e  r e a c t i o n  c o n d i t i o n s  d e s c r i b e d  above, but
110
w i th o u t  s u c c e s s .  Upon o x i d a t i o n ,  monoselenide 105 was smoothly
t ra ns fo rm ed  i n t o  t h e  o l e f i n i c  a lc oho l  106 . D i r e c t  convers ion  of
a lcoho l  106 to  s e l e n i d e  107 proceeded w i th o u t  d i f f i c u l t y .  E l im ina t ion
of  the  c o r r e spond ing  _ o - n i t r o p h e n y l s e l e n id e  gave s a u ss u r e a  l a c t o n e
108 which in a s e a l e d  tube  a t  210°C under  n i t r o g e n  gave a 1:1 m ix ture  of
d ih y d r o c o s tu n o l id e  (100) and s a u s s u r e a  l a c t o n e  (108) .
S e l e n y l a t i o n  of  s a u s s u r e a  l a c t o n e  (108) gave e x c l u s i v e l y  t h e
s e l e n i d e  a t  C - l l  which was con v e r t ed  upon t r e a t m e n t  wi th  30% hydrogen
pe rox ide  in t e t r a h y d r o f u r a n  i n t o  dehyd rosaussu rea  l a c t o n e
(109) .  Thermolys is  of dehyd rosa ussu re a  l a c t o n e  a t  220°C gave a 20% y i e l d
50
of  c o s t u n o l i d e  (97 ) .
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Scheme 4-2 .  Proposed s y n t h e t i c  s t r a t e g y  f o r  ge rm acrano l ides  from eudesmanolides .
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Scheme 4-5. Proposed s y n t h e s i s  of an e lemanol ide  and ge rmacro l ide  s k e l e t o n .
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Scheme 4-2 o u t l i n e s  an a l t e r n a t i v e  s t r a t e g y  towards  t h e  s y n th e s i s  
of  t h e  ge rm acrano l ide  s k e le to n  which in v o lv e s  a f r a gm en ta t ion  r e a c t io n  
of  1 ,3 -d ihydroxyeudesm anol ide  d e r i v a t i v e s  (111) via e le m ano l ides  ( 112) .  
At tempts  towards  t h e  s y n t h e s i s  of  t h e  ge rm acrano l ide  sk e le to n  v ia  t h e  
above r e a c t i o n  sequence i s  d i s c u s s e d  in t h i s  c h a p t e r .  Scheme 4-3 
d e s c r i b e s  t h e  s y n t h e s i s  of the  s t a r t i n g  eudesm ano lides ,  
d ih y d ro s a n ta m ar in e  (115)  and d ihyd ro reynos in  (116) which can be prepared  
from c o s t u n o l i d e  (97) in 43% o v e r a l l  y i e l d  in t h r e e  s t e p s .  The o v e ra l l  
r e a c t i o n  p lans  a re  shown in Schemes 4-4 and 4 -5 .  As o u t l i n e d  in Scheme
4-4 ,  t r e a tm e n t  of  d ihyd ro re ynos in  (116) wi th  j > - to lu e n e su l f o n y l  
c h l o r i d e / p y r i d i n e  could p rov ide  the  c o r r e s p o n d in g  t o s y l a t e  which,  when 
t r e a t e d  wi th  Se02 in d ioxane ,  would give  the  a l c o l h o l  ( 111) . 
F ragmentat ion  r e a c t i o n  of  a lcohol  (111) wi th  t-BuOK/t-BuOH would lead  
th e  15 -ox o -s a u s su re a  l a c t o n e  (112). F i n a l l y ,  Cope rear rangement  of  
a ldehyde  (112) above 150°C could f u r n i s h  t h e  ge rm ancrano l ide  (118) .
According t o  Scheme 4 -5 ,  d ih y d ro s a n ta m ar in e  (115) might  be 
conve r ted  t o  the  c o r r e s p o n d in g  t o s y l a t e  (119) which,  when t r e a t e d  wi th  
exces s  of  m -c h lo rope rbe nz o ic  a c id  in d i ch lo rom e thane  would g ive  t h e  
epoxide  (120) .  Meerwein-Ponndorf e l i m i n a t i o n  of  (120)  fo l lowed  by 
hydrogenat ion  would p rov ide  t h e  s a t u r a t e d  a lcohol  (121 ) and t r e a t m e n t  of 
a lcohol  (121) with t-BuOK/t-BuOH give a ldehyde  (122) by a f r a g m en ta t io n  
p r o c e s s .  Upon r e a c t i o n  of  a ldehyde  (122) wi th  i so p re n y l  a c e t a t e  in p-  
t o l u e n e s u l f o n i c  a c id  one could expec t  enol a c e t a t e  (123) by an e s t e r  
exchange r e a c t i o n .  Thermolys is  of e n o l a c e t a t e  (123) should  p rov ide
n
d ihy d ro t a m a u l ip in -B  a c e t a t e  (124) .
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4 . 2  I s o l a t i o n  o f  c o s t u n o l i d e  ( 9 7 ) .
The o i l  w ide ly  used as a perfume base ( P i e r r e  Chauvet ,  S .A . ,  
F rance )  i s  the  s t e a m - d i s t i l l e d  oi l  c o n t a i n i n g  th e  f o l l o w in g  
c o n s t i t u e n t s :  c o s t u n o l i d e  ( 9 7 ) ,  d e h y d r o c o s t u s l a c t o n e  (125) ,  and 
d i h y d r o d e h y d r o c o s t u s l a c to n e  (126) .
G e n e r a l l y ,  i s o l a t i o n  of  125 and 126 from c o s tu s  r o o t s  i s  accomplished 
with  o rg a n ic  s o l v e n t s  g i v in g  a 4-6% y i e l d  of a m ix tu re  of l a c t o n e s ,  
which can be c r y s t a l l i z e d  d i r e c t l y  from methanol or  hexane /benzene .  
Another  crop of  l a c t o n e s  can be e x t r a c t e d  wi th  a l c o h o l i c  KOH of  t h e  
r e s i d u a l  o i l .  The c r y s t a l l i n e  mix tu re  i s  composed of  c o s t u n o l i d e  
(97)  (50%) and d e h y d r o c o s t u s l a c t o n e  (125) (50%). S e p a ra t io n  of l a c t o n e s  
(97)  and (125) i s  p o s s i b l e  by r e c r y s t a l l i z a t i o n  from methanol .
S ince  l a r g e r  amounts of  c o s t u n o l i d e  were r e q u i r e d ,  s e p a r a t i o n  of  
r e s i n o i d  c o s tu s  by p r e p a r a t i v e  high p r e s s u r e  l i q u i d  chromatography 
(HPLC) were performed u s in g  a mix tu re  of  pe tro leum  e t h e r - e t h e r  as 
e l u a n t .  Th is  p rov id ed  pure c o s t u n o l i d e  (97)  and d e h y d ro c o s tu n o l id e  
(125) as major c o n s t i t u e n t s  ( see  t h e  HPLC t r a c e  in F ig u re  4 - 1 ) .  The *H 
NMR spect rum of  (97) i s  p r e s e n t e d  in F igu re  4-2.
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S o lv e n t :  P . E . / E t 20 ( 8 : 1 ) ;  Flow r a t e :  0 .5  l i t e r / m i n
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4 . 3  Reduct ive  and o x i d a t i v e  m o d i f i c a t i o n s  of  c o s t u n o l i d e .
G e n e r a l ly ,  c a t a l y t i c  hydrogena t ion  of  s e s q u i t e r p e n e  l a c t o n e s  with 
Pd-C as a c a t a l y s t  as wel l  as  r ed u c t io n  wi th  NaBH^ in methanol proceed 
w i th  ease  under  s a t u r a t i o n  of  t h e  l a c t o n i c  e x o c y c l i c  methylene group to  
form th e  1 1 , 1 3 - d i h y d r o d e r i v a t i v e s .  As o u t l i n e d  in equa t ion  4 -2 ,  
c a t a l y t i c  hydrogena t ion of c o s t u n o l i d e  (97) p rov id es  a m ix ture  of t h e  
1 1 , 1 3 - d i h y d r o d e r i v a t i v e s ,  t h e  predominant  product  being th e  isomer with 
an a - o r i e n t e d  C - l l -m e thy l  group.  In t h e  p resence  of p la t inum  oxide a t  
60 atm t h e  h e x a h y d ro d e r iv a t i v e s  i s  f o r m e d . ^  Reduction u s ing  NaBH^ 
r e s u l t s  in an a - o r i e n t e d  C - l l -m e th y l  group (equa t ion  4 - 2 ) .  Th is  l a t t e r  




Epox ida t ion of  7 , 6 - l a c t o n i c  ge rm acrano l ides  (100) wi th  pe ra c id s  
p rov ides  p r e f e r e n t i a l l y  1 ,1 0 - e p o x i d e s .  D ihyd ro co s tu n o l id e  (100) was 
t h e r e f o r e  conver ted  to  t h e  a c i d - l a b i l e  1 ,1 0 -epox ide  (114) with m- 
c h lo r o p e rb e n z o ic  a c id  in CHCI3 in t h e  p resence  of sodium a c e t a t e  as a 
b u f f e r  s in c e  w i thou t  b u f f e r  t h e  epox ide  c y c l i z e s  under  t h e  r e a c t io n
C O
c o n d i t i o n s  forming a m ix tu re  of eudesm anolides .  The e p ox ida t ion  
o c c u r r e d  w i th in  15 minu tes  a t  room t e m p e ra tu re  ( equa t io n  4 - 3 ) .  The *H 
NMR spectrum of  114 i s  shown in F igu re  4-3 .
m -  CPBA
CHCI'
4 .4  C y c l i z a t i o n  r e a c t i o n s  of  ge rm acrano l ides
In the  p roces s  of  s t r u c t u r e  e l u c i d a t i o n ,  many Lewis a c i d - c a t a l y z e d  
c y c l i z a t i o n  r e a c t i o n s  of  t h e  c y c lo d e c a d i e n o l i d e s  or  t h e i r  1 ,10 -  and 4 ,5 -
O  C O
epox id e  d e r i v a t i v e s  have been performed.  * In g e n e r a l ,  c y c l i z a t i o n s
of  g e r m a c r a - l , 5 - d i e n e  p rov ide  eudesm anolides .  As shown in equa t ion
84 554 - 4 ,  c o s t u n o l i d e  ( 9 7 ) ,  when t r e a t e d  with a c a t i o n  exchange r e s i n  * or  
HClO^/AcOH,^ undergoes an a c i d - i n i t i a t e d  c y c l i z a t i o n  via t h e  presumed 
c a t i o n  i n t e r m e d i a t e  (127) t o  give a mix tu re  of t h e  eudesmanolides  
128 and 129. C y c l i z a t i o n  of  c o s t u n o l i d e  via C-13-amine adducts  a re  
r e p o r t e d  t o  give h ig h e r  y i e l d s . ^
Figure 4 - 3 .  200 MHz 'H WR spectrum of  d ih y d r o c o s t u n o l i d e  l , ( 1 0 ) - e p o x i d e  (114),
(CDC13 )






(eq .  4 - 4 )
C y c l i z a t i o n  of  1 ,10 -epox ide  (114) wi th  BF3*Et20 g ives  t h e  
eudesmanolides  d ih y d ro s a n ta m ar in e  (115) and d ihydro reynos in  (116) 
( equa t io n  4 - 5 ) . 52 The 1H NMR s p e c t r a  of  d ihyd rosan tam ar ine  (115) and 
d ihyd ro reynos in  (116)  a r e  shown in F igu re  4-4 and F igure  4 - 5 ,  
r e s p e c t i  ve ly .
OH
( e q . 4 -5 )
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4 .5  P r e p a r a t i o n  and chemical  t r a n s f o r m a t i o n  of eudesmanolide 
de r i  v a t i  ve s .
The t r e a t m e n t  of  d ih y d ro s a n ta m ar in e  (115) with methanesul fony l  
c h l o r i d e  in p y r i d i n e  a t  room t e m p e ra tu re  f o r  2 hr  gave m esy la te  
d e r i v a t i v e  130 in 90% y i e l d . T h e  *H NMR spectrum of  130 (Fig 4-6)  
showed t h e  t y p i c a l  m esy la te  methyl s ig n a l  a t  3 .04  ppm. An a t tempt  t o  
i n t r o d u c e  t h e  hydroxyl  group a t  t h e  C.-3 p o s i t i o n  by a h y d r o b o ra t io n -
Figure 4 - 4 .  200 MHz 'H NMR spectrum o f  dihydrosantamarine (115)
( c dci3 )
OH
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o x id a t io n  r e a c t i o n  was u n s u c c e s s f u l .  I n s t e a d ,  hydrobora t ion  of  the  
m esy la te  d e r i v a t i v e  fo l lowed by t r e a tm e n t  with aqueous sodium hydroxide  
and hydrogen pe rox ide  p rovided  t h e  cyc lopropyl  d e r i v a t i v e  (131) (equa t ion  
4 - 6 ) .  The s t e r e o c h e m i s t r y  of t h e  cyc lopropyl  r in g  and the  C-4-CH3 group 
cou ld  be a s s ig n e d  a 3- o r i e n t a t i o n  by us ing  s te reom ode ls  which show ca.  
30° f o r  t h e  d ih e d r a l  ang le  between H-4ct and H-3a c o r re spond ing  t o  the  
c o up l ing  c o n s t a n t  J_ = 8 Hz which i s  in agreement  wi th  the  NMR data  f o r  






The fo rmation of  t h e  cyc lopropy l  type  d e r i v a t i v e  131 from 130 can 
be r a t i o n a l i z e d  as a 1 , 3 - e l i m i n a t i o n  of the  t e r t i a r y  boryl  
d e r i v a t i v e  130a . S i m i l a r  r e a c t i o n s  l e a d in g  t o  compounds analogous t o  
t h e  formation  of  130a have been p r e v i o u s ly  r e p o r t e d . 59 The c a rb o x y l i c  
a c id  group of 131 was formed by th e  r in g  opening of  t h e  l a c t o n e  under  
b a s i c  c o n d i t i o n .  The proposed mechanism f o r  t h e  t r a n s f o r m a t io n  of  
m esy la te  130 t o  t h e  a c id  131 i s  given in equa t ion  4 - 6 a .
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Figu re 4 -7 .  200 MHz 'H NMR spectrum o f  cyc lopropyl  ac id  d e r i v a t i v e  (1 3 1 ) .














(eq .  4 -6a)
A f t e r  t h e  i n i t i a l  f a i l u r e  in t h e  h y d r o b o r a t io n - o x id a t io n  r e a c t i o n  
of  t h e  m esy la te  (130) , t h e  key s t e p  in t h i s  r e a c t i o n  sequence was the  
i n t r o d u c t i o n  of  t h e  hydroxyl group a t  t h e  C-3 p o s i t i o n  u s ing  
t o s y l a t e s .  Three p o s s i b l e  approaches  were c o n s id e r e d :  1)
h y d r o b o r a t i o n ; 2) s e n s i t i z e d  pho toxygenat ion  of  o l e f i n ;  3) e p o x i d a t i o n ,  
fo l lowed  by Meerwein-Ponndorf  e lm in a t io n / h y d r o g e n a t io n  (Scheme 4 - 6 ) .
The f i r s t  and t h e  second method d id  no t  g ive  high y i e l d s  of  t h e  
d e s i r e d  p r o d u c t s .  The h i g h e s t  y i e l d s  were p rov ided  by th e  t h i r d  
























Scheme 4 -6 .  Three p o s s i b l e  approaches  f o r  t h e  i n t r o d u c t i o n  of  a 
hydroxyl group a t  C-3 of  e u d e s m a n o l i d e - l - O - t o s y l a t e s .
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T o s y la t io n  of  d ihyd ro s a n ta m ar in e  (115) a t  0°C and a t  room 
t e m p e ra tu re  f o r  24 hr  f a i l e d ,  p o s s i b l y  due to  s t e r i c  h ind rance  by th e  
a n g u la r  methyl group a t  C-10. T h e r e f o r e ,  t h e  r e a c t i o n  was performed a t  
65°C wi th  p - t o l u e n e s u l f o n y l - c h l o r i d e  in p y r i d i n e  f o r  24 hr®** which 
p rov ided  t o s y l a t e  (119) in 63% y i e l d ,  (eq.  4 - 7 ) .  The *H NMR spectrum 
of  119 (F igure  4-8)  showed t h e  t y p i c a l  t o s y l a t e  s i g n a l s  a t  2 .45 ( tosyl  
m e t h y l ) ,  7.34 and 7.78 ppm (a rom at ic  p r o t o n s ) .
115
OTs
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119
(eq.  4-7)
Hydroborat ion  of l a c t o n e  119 fo l lowed  by t r e a tm e n t  with aqueous 
sodium hydroxide and hydrogen p e ro x i d e ,  y i e l d e d  a m ix ture  of  u n i d e n t i f i e d  
p ro d u c t s  c o n t a i n i n g  small  amounts of  a lcoho l  121a,  but  mainly s t a r t i n g  
mate r i a l® * (equa t ion  4 - 8 ) .  Probably t h e  i n t r o d u c t i o n  of  t h e  s t e r i c a l l y  
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The second plan f o r  t h e  i n t r o d u c t i o n  of  a hydroxyl  group a t  C-3 
o f  119 invo lv ed  a pho tooxygenat ion  r e a c t i o n .  I t  i s  well  known t h a t  
a e r a t e d  s o l u t i o n s  c o n t a i n i n g  a m onoole f in ,  d i e n e ,  or  po lyene ,  when 
i r r a d i a t e d  in t h e  p resence  of a s e n s i t i z e r ,  give oxygenated p ro d u c t s  
whose n a t u r e  depends on th e  s t r u c t u r e  of  t h e  s u b s t r a t e  and t h e  l a b i l i t y  
of  t h e  i n i t i a l  pho toproduc t  produced under  t h e  given r e a c t i o n  
c o n d i t i o n s .® ^
The p h o t o s e n s i t i z e d  oxygenat ion  of d ih yd rosa n ta m ar ine  
t o s y l a t e  (119) in t h e  p resence  of  t e t r a p h e n y l p o r p h y r i n  produced in 10.5% 
y i e l d  hydroperox ide  (133) which co n ta in ed  th e  u n d e s i r e d  e n d o c y c l i c  
double  bond. The o v e r a l l  s t r u c t u r a l  change i s  s i m i l a r  t o  t h a t  of  o t h e r  
s i n g l e t  oxygen ene r e a c t i o n s  i n v o lv in g  th e  hydrogen a t  C-5 of 119. The 
r e a c t i o n  was to o  s lu g g i s h  presumably because of  t h e  s t e r i c  h ind rance  of  
t h e  t o s y l  group and the  a n g u la r  C-10-methyl  group (equa t ion  4 - 9 ) .  
T h e r e f o r e ,  t h e  r o u t e  via  compound 133 was no t  f u r t h e r  c o n s id e r e d  to  





F i n a l l y ,  hyd ro x y la t io n  a t  C-3 in 119 was a t t e m p te d  by epox id a t io n  
o f  t h e  double  bond and subsequen t  t r a n s f o r m a t i o n  t o  t h e  a l l y l i c  
a lcoho l  (111) by based -m ed ia ted  opening of  t h e  expoxide  fu n c t io n .® ^
The e p o x id a t io n  of  t o s y l a t e  119 wi th  m -c h lo rope rbe nz o ic  a c id  in dry 
d ich lo rometh ane  proceeded  s t e r e o s e l e c t i v e l y  from th e  a - f a c e  t o  give
1 2 1
3 a -e p o x id e  (12 0)  in a lmost q u a n t i t a t i v e  y i e l d ,  (equat ion  4 - 1 0 ) .  The
from model c o n s i d e r a t i o n s  which c o r r e l a t e d  b e s t  with t h e  experimenta l  _J_- 
va lue  (J_ = 3.4  Hz) s u g g e s t i n g  a 3a -epox ide .  The a - a t t a c k  can be 
r a t i o n a l i z e d  on t h e  b a s i s  of s t e r i c  h ind rance  by th e  a n g u la r  C-10 methyl 
group as shown in t h e  f avo red  a - t r a n s i t i o n  s t a t e  r e p r e s e n t e d  by 119a .
Treatment  of 120 wi th  aluminum i sop ropox ide  in b o i l i n g  dry 
t o l u e n e 65*®® gave a l l y l  a lc oho l  111 in 99% y i e l d  ( equa t ion  4 - 1 1 ) .  The 
high r e g i o s e l e c t i v i t y  of t h i s  r e a c t i o n  i s  presumed t o  be due to  t h e  
p r e f e r r e d  geometry of  t h e  p o s s i b l e  i n t e r m e d i a t e  complex (120a) which 
inv o lv e s  a C-15 methyl hydrogen.  This  p rocedu re  has c o n s i d e r a b l e  
p r e p a r a t i v e  advan tages  f o r  t h e  fo l l o w in g  rea s o n s :
s t e r e o c h e m i s t r y  of  3a -epox ide  func t ion  was f u l l y  suppor ted  by the  *H NMR 
spect rum  ( F ig u r e .  4 -9 ) .®^ The d ih e d r a l  a ng le  H-20/H-3&* 30° was de r ived
m -  c p b a .
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(1)  aluminum i so p ro p o x id e  i s  easy t o  hand le ;  (2) t h e  r e a c t i o n  can be 
a p p l i e d  t o  compound s e n s i t i v e  t o  s t r o n g  base;  (3) t h i s  r e a c t i o n  
g e n e r a l l y  proceeds  in high y i e l d  and wi th  high r e g i o s e l e c t i v i t y .  The 1H 
NMR spectrum a t  5 .15 and 4 .98  ppm (F igure  4-10)  showed two o l e f i n i c  
s i n g l e t s  which were a s s ig n e d  to  the  two e x o c y c l i c  methylene p r o t r o n s  a t  
C-15. A t r i p l e t  n e a r  4 .3  ppm was due t o  t h e  33-H.





Haruna and I t o ^ 7 r e p o r t e d  in 1981 a r e g i o -  and s t e r e o s p e c i f i c  
o x i d a t io n  of  german c r a n e - t y p e  s e s q u i t e r p e n e  l a c t o n e  us ing  as r ea g e n t s  
se lenium  d iox ide  and t - b u t y l h y d r o p e r o x i d e .  A l l y l i e  ox ida t ion  of  
e p i t u l p i n o l i d e  (134) wi th  0 .5  mole eq.  Se02 and 2 mole of  70% t - b u t y l  
hydroperox ide  in anhydrous CH2CI2 a t  room t e m p e ra tu re  f o r  2 hr  a f f o r d e d  
th e  d e s i r e d  a lcoho l  135 in 90% y i e l d  along  with 5% of  t h e  melampolide­
type  aldehyde  136 (equa t ion  4 - 1 2 ) .
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An a t t em p ted  a l l y i c  o x id a t io n  of  t h e  t o s y l a t e  of  d ihydro reynos in  
(116) us ing  th e  above c o n d i t i o n s  with Se02/t-Bu00H f a i l e d .
The t o s y l a t e  of  d ihyd ro reynos in  (116) was p repa red  by t h e  same 
procedure  as  p r e v i o u s ly  d e s c r i b e d  f o r  d ihyd rosa n ta m ar ine  (115) .  The 
NMR spectrum of  117 (F igu re  4-11)  showed a s i n g l e t  a t  2 .45  ppm f o r  t h e  
t o s y l a t e  m ethy l ,  two d o u b le t s  a t  7 .34  and 7.38  ppm f o r  t h e  a rom a t ic  
p r o t o n s ,  and two s i n g l e t s  a t  4 .84  and 4.97  ppm f o r  the  e x o c y c l i c  
methylene p r o t o n s .  The d ihy d ro re y n o s in  t o s y l a t e  (117) was r e g i o -  and 
s t e r e o s e l e c t i v i l y  ox id iz e d  with Se0268*69 to  give t h e  d e s i r e d  
a lc oho l  (111) ( equa t ion  4 . 1 3 ) .  Alcohol 111 had been p r e v i o u s l y  
p repa red  from th e  epoxide (120) wi th  aluminum i s o p r o p o x i d e .
( e q .  4 - 1 3 ) .
Scheme 4-7 o u t l i n e s  t h e  proposed mechanism f o r  t h e  se len ium d iox ide  
o x id a t io n  of  o l e f i n  117 . A f t e r  an i n i t i a l  ene r e a c t i o n  fo l lowed by a 
c onfo rm at iona l  r o t a t i o n  t o  i n t e r m e d i a t e  117a, s ig m a t r o p ic  rear rangement  
of  the  i n t e r m e d i a t e  a l l y l s e l e n i c  a c id  117a would lead  s t e r e o s e l e c t i v i t y  
t o  t h e  a n t i c i p a t e d  a - i s o m e r  111.
HO 0H





Scheme 4 -7 .  Proposed mechanism of  se len ium  d io x id e  o x i d a t i o n .
Figu re  4 - 1 1 .  200 MHz 'H NMR spectrum o f  ( l l S ) - l g - t o s y l - e u d e s m - 4 ( 1 5 ) - e n o - 1 2 , 6 a - l a c t o n e  (117).
(CDC13 )
OTs
2' 6 ’3 .5
5 .06 j07.0 4.0 3.0 2.08.0
128
Attempted c a t a l y t i c  hydrogenat ion  of (111) in the  p resence  of 
p la t inum  on carbon f a i l e d .  However, c a t a l y t i c  hydrogenat ion  of  111 with 
13% p la t inum oxide on a c t i v a t e d  charcoa l  (Adam's c a t a l y s t )  underwent  
smoothly t o  give  a lcoho l  121 as a s i n g l e  product  in n e a r l y  q u a n t i t a t i v e  
y i e l d  ( equa t io n  4 - 1 4 ) .  The *H NMR spect rum of produc t  121 i s  shown in 
F ig u re  4-12 .  In compound 121 , t h e  s i g n a l s  t y p i c a l  f o r  t h e  e x o c y c l i c  
methylene a t  5 .15 and 4 .98  ppm were m is s ing .  I n s t e a d ,  a t h r e e - p r o t o n  
doub le t  appeared at  1 .07 ppm t y p i c a l  f o r  t h e  s a t u r a t e d  C-4-CH3.®6
HO" HO ''
0
The fo rmation of  ca rbon-carbon  double  bonds by t h e  f r a g m en ta t io n  of 
t h e  m o n o to lu e n e - p - s u l fo n a t e s  or  m e t h a n e - s u l f o n a t e s  of  s u i t a b l e  c y c l i c  
1 , 3 - d i o l s  can be accompli shed  by t r e a t m e n t  wi th  b a s e .^ 0 Reac t ion of  t h e  
t o s y l a t e  111 wi th  t-BuOK in t-BuOH gave a ldehyde  112 in 20% y i e l d  which
was s e p a r a t e d  by p r e p a r a t i v e  l a y e r  chromatography (equa t ion  4 - 1 5 ) .  The 
1H NMR spect rum (F igure  4 -13 ,  Table  4-1)  of  112 was in acco rdance  with 
t h e  da ta  of a ldehyde  140 r e p o r t e d  in t h e  l i t e r a t u r e ^ *  excep t  f o r  t h e  C-8  
proton resonance .
An a t t em p t  t o  t h e r m a l ly  r e a r r a n g e  t h e  e l e m o l ide  (112) t o  t h e  
d e s i r e d  ge rm acrano l ide  (118)  a t  220°C f o r  5 min f a i l e d .
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( eq .  4-15)
Bohlmann and Zdero7 * r e p o r t e d  an i n t e r e s t i n g  f i n d i n g  r e l a t e d  t o  the  
Cope rear rangement  of a C-15-oxygena ted g e rm a cro l ide .  Conversion of  
g e rm a c r o l id e s  t o  e le m ano l ides  g e n e r a l l y  r e q u i r e s  e l e v a t e d  t em p e ra t u re s  
(140°C or  above) .  In c o n t r a s t ,  t he  C-15-aldehyde  i n t e r m e d i a t e  139, 
which had been ob ta in e d  from alcohol  (137) by Mn02~oxidat ion, 
spon taneous ly  c onve r ted  t o  t h e  e lem ano l ide  140 in 30 minu tes  a t  60°C. 
( equa t io n  4 - 1 6 ) .  These c o n s id e r a b l y  m i lde r  rear rangement  c o n d i t i o n s  
su g g e s t  t h a t  s p on ta ne ous ,  i n s t e a d  of  e nz ym e -c on t ro l l ed  Cope 
rea r rangement  of C-14 and C-15-oxygenated ge rm acro l ides  p o s s ib l y  a l s o  
occur  in t h e  l i v i n g  p l a n t s .  Th is  would e xp la in  the  b i o g e n e s i s  of  most 
C-15-oxygenated e le m a n o l id e ,  e . g .  t h e  a n t i - t u m o r  a c t i v e  e lem ano l ide  
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Table 4-1 . *H NMR s p e c t r a l  da ta  comparison between C-15-•oxoelemano-
Tides d e r i v a t i v e s  (140) and the  s y n t h e t i c  a ldehyde  ( ^ 2 )
112 112 140
200 MHz 80 MHz 270 MHz
(CDC13 ) (c6d6 ) (c6d6 )
H-l 5.69 (dd,  17,11) 5.70 5.82 (dd,  17,10)
H' 2a 4 .89 (dd,  17,1) 4.82 5.01 (d)
H-2b 4 .80 (dd,  11 , 1 ) 4 .65 4.81 (d)
H- 3a 6.25 (s) 5.63 5.73 (s)
H-3b 6.23 (s) 5.60 5.70 (s)
H-5 3.00 (d,  10 . 8 ) 2.88 3.03 (d,  12 )
H-6 4.20 (dd ,  10. 8 , 
9 . 8 )
3.65 3 .68 (12 , 10 )




1.87 (dd ,1 3 ,
5.23
2 .5 )
( d d d , 10 , 10 , 2 .
H-U 2.36 ( d q , 1 3 .3 , 6 . 8 ) ------
C10-CH3 1.02 (s) 0.64 0.60 (s)
C11“ CH3 1.24 ( d ,  6 . 8 ) 0 .95 ------
H—13a
------ 6.31 (d ,  1 )
H-13b ------ 5.58 (d,  1 )




( t q ,  7) 
(m)
(d,  7)
Figure 4 -1 3 .  200 MHz 'H NMR spectrum of  15 -o x o - sa u ssu re a  l a c t o n e  (112).
(CDC13 )
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The f ra g m en ta t io n  r e a c t i o n  of  t h e  m onotosy la te  121 with t -BuOK/t-  
BuOH did  no t  g ive  t h e  d e s i r e d  a ldehyde  product  (122) . Al though th e  
f r a gm en ta t ion  r e a c t i o n  had o c c u r r e d ,  as i n d i c a t e d  by vinyl  proton 
s i g n a l s ,  no a ldehyde  proton a b s o rp t io n  was d e t e c t e d  in t h e  NMR spectrum 
(F igure  4 - 1 4 ) .  Cooccuring r in g  opening of  t h e  l a c t o n e  r in g  by t-BuO" 
cou ld  have given t h e  i n t e r m e d i a t e  141 fo l lowed by an a t t a c k  of t h e  C-6- 
a lkoxyl  group a t  t h e  a ldehyde  t o  give  a hemiace ta l  which under  a c i d i c  
work-up c o n d i t io n  would r e s u l t  in t h e  hemiace ta l  142 (equa t ion  4 -1 7 ) .
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For f u r t h e r  c o n f i r m a t io n  of  t h e  s t r u c t u r e  of  a c id  142, a c e t y l a t i o n  
of t h e  hemiace ta l  hydroxy group wi th  a c e t i c  a n h y d r i d e / p y r i d i n e  was 
performed t o  g ive  a c e t a t e  d e r i v a t i v e  143 ( equa t io n  4 - 1 8 ) .  In t h e  NMR 
spectrum (F igure  4-15)  of t h e  a c e t a t e  d e r i v a t i v e ,  t h e  chemical  s h i f t  f o r  
H-3 moved downfield  from 4 .90  t o  5 .79 ppm because of  t h e  i n t r o d u c t i o n  of  
t h e  e l e c t r o n  withd rawing a c e t a t e  group .  The hemiace ta l  s t r u c t u r e  was 
f u l l y  suppor ted  by t h e  *H NMR spect rum (F igu re  4-14)  and X-ray 
c r y s t a l l o g r a p h y  prov ided t h e  s t e r e o c h e m i s t r y  of a l l  c h i r a l  c e n t e r s  
in 142 (F ig u re  4 - 1 6 ) .
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An a t tempt  t o  r e c y c l i z e  t h e  hemiace ta l  a c e t a t e  143 t o  t h e  enol 
a c e t a t e  l a c to n e  (123) with p - t o l u e n e s u l f o n i c  ac id  in b o i l i n g  benzene was 
w i thou t  s u c c e s s .




(eq .  4-18)
p- T*OH
AC'
73A f t e r  t h i s  work was comple ted ,  Masayoshi et_jil_. p u b l i s h e d  th e  
novel f ragm en ta t ion  r e a c t i o n  of d ihydrosan tam ar ine  m esy la te  epox ide with 
aluminum i so p r o p e r o x i d e .  The s y n t h e t i c  approach of  the  J apanese  au th o r s  
was very s i m i l a r  t o  t h e  a fo rementioned  s y n t h e t i c  r o u t e .
F igu re  4-16.  S te reov iew  of hemiace ta l  (142) .
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4 - 6 .  Experimental
General  Comments
M el t ing  p o i n t s  were dete rmined  on a Thomas-Hoover Uni-Melt  
a p p a ra tu s  in c a p i l l a r y  t u b e s  and a re  u n c o r r e c t e d .  I n f r a r e d  s p e c t r a  were 
r eco red  on e i t h e r  a Perkin  Elmer IR-137 or  an Beckmann IR-9 g r a t i n g  
s p e c t r o p h o to m e t e r .  NMR s p e c t r a  were recorded  on e i t h e r  an IBM Bruker  
N/R 80, Bruker WP 200 FT s p e c t r o m e te r .  Mass s p e c t r a  were o b t a in e d  on a 
Hewlet t  Packard 5895 GCMS a t  70 eV, sourpe  t em p e ra tu re  200°C. The X-ray 
c r y s t a l l o g r a p h i c  a n a ly s e s  were performed by Dr. Frank R. Fronczek on a 
Enra f-Non ius CAD4 a u tom a t ic  d i f f r a c t o m e t e r .  P r e p a r a t i v e  HPLC was 
performed on.Waters  Prep LC Systems 500.
Unless o th e rw i s e  i n d i c a t e d  in a s p e c i f i c  expe r im e n t ,  a l l  of t h e  
chem ica l s  used were r e a g e n t  grade and no p u r i f i c a t i o n  has been done. 
Benzene and t o l u e n e  were d i s t i l l e d  over  sodium and s t o r e d  over  m ole cu la r  
s i e v e s .  The CH2CI2 was d i s t i l l e d  over  P2O5 o r  CaH2* T e t r a h y d ro f u r a n  
(THF) was d i s t i l l e d  from sodium benzeophenone ke ty l  or  UAIH4 
immedia te ly  p r i o r  t o  u se .  _t-Butanol  was d i s t i l l e d  over  BaO and s t o r e d  
over  m olecu la r  s i e v e s .  P y r id i n e  was d i s t i l l e d  over  NaOH and s t o r e d  over  
m o le c u la r  s i e v e s .
I s o l a t i o n  of c o s t u n o l i d e  (97)  . The r e s i n o i d  c o s tu s  syrup was 
pu rchased from P i e r r e  Chauvet  S. A. ,  F rance .  The c o s tu s  o i l  (228g=8 
o z . )  was p re -chrom atographed  th rough a s h o r t  s i l i c a  gel colurm t o  remove 
p o l a r  m a t e r i a l .  10 ml i n j e c t i o n  of  5g/ml s o l u t i o n  of  t h e  p r e - t r e a t e d  
syrup in E t 20 were loaded  onto a Waters Prep-Packed  colurm (PrePak-  
5 0 0 / S i l i c a ) .  E luan t  was P . E . - E t 20 (8 :1 )  a t  a f low r a t e  of  0 .5  L/min and
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a column p r e s s u r e  of  2000 p s i .  The r e t e n s i o n  t imes  were 10-12 min f o r  
d e h y d ro c o s tu n o l id e  (125)  and 13-16 min f o r  c o s t u n o l i d e  (97)  . About 35g 
(15.4%) of impure d e h y d ro c o s tu n o l id e  (125) and 23g (10.1%) of  
c o s t u n o l i d e  (97) were o b t a i n e d .
Cos tuno l ide  ( 9 7 ) ,  C15H2002 , mp 106-107°C ( L i t .  107-108°C)42 ! H WR 
(CDC13 ) 6 4 .55  (dd,  H-6 , ±  = 10.9  Hz, 1H), 4 .75  (d,  H-5, J_ = 10 Hz, 1H), 
4 .85 (dd, H - l ,  J_ = 6,1 Hz, 1H), 5 .33 (d,  H-13a, J_ = 3.2  Hz, 1H), 6 .26  
(d ,  H-13b, = 3.2  Hz, 1H); MS (70eV) _m/z_ ( r e l a t i v e  i n t e n s i t y )  232
( 3 0 .2 ,  M+ ) , 109 ( 6 4 . 1 ) ,  81 (100) ,  79 ( 5 2 . 8 ) ,  53 ( 4 9 .9 ) ;  IR (CHC13 ) 2833, 
1764 ( 6- l a c t o n e ) ,  1666, 1443, 1376, 1323 cm- 1 .
NaBH/| Reduction of  c o s t u n o l i d e  (97)  To a s o lu t i o n  of c o s t u n o l i d e  
(97) (1 .1  g, 4 .7  mmol) in 10 ml of  MeOH was added wi th  s t i r r i n g  NaBH^ 
(278 mg, 7.05 mmol) a t  0°C. S t i r r i n g  was con t inued  f o r  1 h r .  The 
s o l u t i o n  was a c i d i f i e d  wi th  5% HC1, e v a p o ra te d  a t  reduced p r e s s u r e ,  
d i l u t e d  wi th  10 ml of  w a t e r ,  and e x t r a c t e d  with ch lo ro fo rm .  The e x t r a c t  
was ev a p o ra te d  t o  give  1.08 g (98%) of  d i h y d r o c o s t u n o l i d e  (100) as white  
c r y s t a l s ;  mp. 76-77°C ( L i t .  77 -7 8 °C ) .42
NoBH4
97 100
C a t a l y t i c  hydrogena t ion  o f  c o s t u n o l i d e  (97) C o s tu n o l id e  (5 .14g ,
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0.022  mol) was reduced c a t a l y t i c a l l y  a t  a tm ospheri c  p r e s s u r e  us ing  100 
ml of  anhydrous methanol as s o lv e n t  and 250 mg of  p re - r ed u c e d  5% Pd/C as 
c a t a l y s t .  The consumption of  567 ml (0.0231 mol) of  hydrogen was
a l lowed over  a pe r iod  of  1 h r .  The c a t a l y s t  was f i l t e r e d  and th e
s o lv e n t  evapo ra ted  t o  give  s p e c t r o s c o p i c a l l y  pure
d i h y d r o c o s tu n o l id e  (100) : 4 .18g (82%); mp. 70-73°C ( L i t .  77 -78°C) ;42 l H
NMR (CDC13 ) 6 1 .26 (d,  Cn -CH3 , J_ = 6.9  Hz, 3H) 1.43 ( s ,  C10-CH3 , 3H),
1 . 5 - 2 . 8  (ob, H-2, 3 , 8 ,  and 9, 9H), 4 . 5 - 5 . 0  (ob, H-1 ,5 ,  and 6 , 3H); MS 
(70eV) m/z_ ( r e l a t i v e  i n t e n s i t y )  234 (2 6 .4 ,  M+ ) ,  109 ( 5 0 . 0 ) ,  81 (100) ,  79 
( 3 8 .1 ) ;  IR (CHC13 ) 2883, 1779 ( y - l a c t o n e ) ,  1667, 1450, 1383, 1340,
994 cm"**
m -  C P B A  ^
CHCI3  . r . t .
114 °
Epox ida t ion  of  d ih y d r o c o s tu n o l id e  (100) . A m ix ture  of 
d i h y d r o c o s tu n o l id e  (3 .8  g,  0 .015 mol) and m-ch loroperoxybenzo ic  ac id  
(0 .3 5  g, 0.0192 mol) in CHC13 (150 ml) was al lowed t o  s tand  a t  room 
t e m p e ra tu re  f o r  15 min. The r e a c t i o n  m ix ture  was washed with 5% Na2S03 , 
a s a t u r a t e d  NaHC03 aqueous s o l u t i o n ,  and a s a t u r a t e d  NaCl s o l u t i o n ,  
d r i e d  over  Na2S04 , and c o n c e n t r a t e d  in vacuo t o  f u r n i s h  2 .95  g (72%) 
of  114 as w h i te  c r y s t a l s ,  mp. 120-123°C ( L i t .  124-125°C) ;^2 NMR 
(CDC13 ) 6 1 .14 ( s ,  C10-CH3 , 3H), 1 .23 (d ,  Cn -CH3 , ^  = 8 Hz, 3H), 1.84 
( s ,  C4-CH3 , 3H), 2 .69  (dd,  H - l ,  J _ = 10 .8 ,  2 Hz, 1H), 4 .60  (dd,  H-6 , =
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1 0 .0 ,  8 .4  Hz, 1H), 5.19 (bp d, H-5, J_ = 10 Hz, 1H); MS (70eV) m/z_ 
( r e l a t i v e  i n t e n s i t y )  250 (8 5 .8 ,  M+ ) ,  232 ( 6 5 . 2 ) ,  165 ( 5 8 . 1 ) ,  159 ( 4 8 . 9 ) ,  
81 (100);  IR (CHC13 ) 2935, 1764 ( y - l a c t o n e ) ,  1670 (C=C) cm'1*
A c i d -c a ta l y z e d  rea r rangement  of  d i h y d r o c o s t u n o l i d e - 1 , 1 0 -  
epox ide (114) .  To a s o l u t i o n  of  d ih y d r o c o s tu n o l id e  1 ,10 -  
epox ide 100 (4 .6  g, 0 .018 mol) in 200 ml benzene,  4 .5  ml of  BF3 *Et20 was 
added.  The r e a c t i o n  m ix ture  was s t i r r e d  a t  room tem p e ra tu re  f o r  30 
m in . ,  and then e th y l  a c e t a t e  was added t o  d i s s o l v e  a brownish o i l .  The 
m ix ture  was washed wi th  5% aqueous NaHC03 s o l u t i o n ,  w a t e r ,  and d r i e d  
over  anhydrous ^ S O ^  The e v a p o ra t io n  of s o l v e n t  y i e l d e d  a m ix ture  of 
4 .6  g of two i so m e rs ,  d ih y d ro s a n ta m ar in e  (115) and d ihyd ro reynos in  
(116) in a 2:1 r a t i o .  The m ix ture  was chromatographed on s i l i c a  gel by 
u s ing  a mix ture  of  P .E . :Et0Ac = 6 :4  as e l u a n t  t o  p rov id e  1 .8  g 
pure 115 (39%) and 920 mg 116 (20%).
Dihydrosan tamarine  (115) .  mp 117 119°C ( L i t .  134 -136°C ) j^1 ^  NMR 
(CDC13 ) 6 0 .89  ( s ,  C10-CH3 , 3H), 1.22 (d ,  Cn -CH3 , J_ = 6 .8  Hz, 3H), 1.81 
( s ,  C4-CH3 , 3H), 3 .65 (dd,  H - l ,  J _ = 9 . 5 ,  6 .5  Hz, 1H), 3 .96 (dd, H-6 , J_ = 
1 0 .5 ,  9 .0  Hz), 5 .32 (br  s ,  H-3, 1H); MS, _m/z_ ( r e l a t i v e  i n t e n s i t y )  250
b f 3  E f 2  0
Benzan
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( 2 . 5 ,  M+ ) , 232 (100, M-18) , 158 ( 5 1 . 6 ) ,  143 ( 4 9 . 5 ) ,  86 ( 8 2 .3 ) .  The 
above NMR paramete rs  a re  i d e n t i c a l  wi th  t h e  da ta  d e s c r i b e d  in the  
l i t e r a t u r e . 51’ 74 lR (CHC13 ) 3500 (OH), 1767 ( y - l a c t o n e )  cm"1.
Dihydroreynosin (116) .  mp 110-112°C ( L i t .  129°C ) ;74 1H NMR 
(CDC13 ) 0.83 ( s ,  C10-CH3 , 3H), 1.23 (d,  Cn -CH3 , = 1 0 .5 ,  9 Hz, 1H), 
4 .9 7 ,  4 .82 (2 br s ,  C4 = CH2 , 2H); MS, m/z_ ( r e l a t i v e  i n t e n s i t y )  250 
( 1 0 .4 ,  M+ ) , 232 (100,  M-18) , 165 ( 7 3 . 8 ) ,  159 ( 5 6 . 9 ) ,  91 ( 6 2 .1 ) ;  IR 




( l lS ) - lg -M e s y lo x y -e u d es m a n o -3 -e n o -1 2 ,6 o t - l a c to n e  (130) .  To a 
s o lu t i o n  of d ihyd ro s a n ta m ar in e  115 (250 mg, 1 mmol) in 2 ml of  dry 
p y r i d i n e  a t  0°C, was added f r e s h l y  d i s t i l l e d  methanesu l fony l  c h l o r i d e 75 
( 0 .2  ml) .  The mix tu re  was al lowed to  s t a n d  a t  0°C f o r  1 h r ,  poured i n t o  
i c e  w a t e r ,  and e x t r a c t e d  wi th  CHC13 (2 x 25 ml) .  The combined e x t r a c t s  
were washed s u c c e s s i v e l y  with 5% HC1, a s a t u r a t e d  NaHC03 s o l u t i o n ,  
s a t u r a t e d  aqueous NaCl s o l u t i o n ,  d r i e d  over  anhydrous Na2$0 4 , and 
c o n c e n t r a t e d  in vacuo to  a f f o r d  an o i l  (290 mg; 90%); 1H NMR (CDC13 ) 6
1.01 ( s ,C 10-CH3 , 3H), 3 .04  ( s ,  CH3S02- ,  3H), 3 .94  (dd ,  H-6 , J_ = 10 .5 ,  9 
Hz, 1H), 4 .69  (dd,  H - l ,  J _ = 9 .5 ,  6 ,5  Hz, 1H), 5 .34 ( b r  s ,  H-3, 1H); MS 
m/z_ ( r e l a t i v e  i n t e n s i t y )  232 (100,  M-CH3S02 ) ,  159 ( 6 0 . 9 ) ,  158 ( 7 1 . 4 ) ,  IR 
(CHC13 ) 2915, 1765 ( y - l a c t o n e ) ,  1345, 1165, 915 cm- 1 .
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THF J/ 
2  NoOH , L p '  
HgOj, n H'
Hydroborat ion of  Mesy la te  (130) . To a 3-necked 25 ml f l a s k  
equipped wi th  a mechanical s t i r r e r  and a thermometer ,  mesy la te  130 (1
g, 3 .05 mmol) in THF (10 ml) was added under  n i t r o g e n .  A f t e r  c o o l in g  t o  
0-5°C,  1.3 ml of the  1M b o r a n e - t e t r a h y d r o f u r a n  (BH3*THF) complex was 
added. The s o lu t i o n  was s t i r r e d  a t  room t e m p e ra tu re  f o r  1 hr t o  
complete  t h e  r e a c t i o n .  Excess hydr id e  was des t ro y e d  by th e  c a r e f u l  
a d d i t i o n  of  1 ml of w a t e r .  A f t e r  5 m in . ,  4 .5  ml of  3 M NaOH was added 
t o  t h e  r e a c t i o n  m ix tu re ,  4 .5  ml of  30% hydrogen pe rox ide  s o l u t i o n  was 
i n t r o d u c e d  i n t o  t h e  dropping funnel and added dropwise t o  the  s t i r r e d  
r e a c t i o n  m ix tu re  a t  a r a t e  such t h a t  t h e  t e m p e ra tu re  of  t h e  r e a c t i o n  
m ix tu re  d id  not  exceed approx im ate ly  40°C. When t h e  a d d i t i o n  was 
comple te ,  t h e  r e a c t i o n  m ix tu re  was hea ted  t o  50°C and m ain ta ined  t h e r e  
f o r  1 hr  t o  ensu re  complete  o x i d a t i o n .  The two-phase r e a c t i o n  m ix ture  
was poured i n t o  s e p a r a t o r y  f u n n e l ,  a c i d i f i e d  wi th  5% HC1 s o l u t i o n  and 
e x t r a c t e d  wi th  ch lo ro fo rm .  The e x t r a c t  was washed with w a te r ,  a 
s a t u r a t e d  NaCl s o l u t i o n  and d r i e d  over  ^ S O ^ .  The e v a p o ra t io n  of 
s o lv e n t  p rovided 150 mg of  cyc lopropy l  type  a c id  (131) which was 
chromatographed on s i l i c a  gel wi th  P .E . :  EtOAc ( 6 :4 )  as an e l u a n t  t o  
g ive  pure 131, mp 166-167°C; *H NMR ( d g - P y r i d in e )  6 0 .52 (ddd,  H-2a,  J_ = 
9,  5 . 6 ,  3 .6  Hz, 1H), 0 .88  ( s ,  C10-CH3 , 3H), 0 .99  (ddd,  J_ = 5 .6 ,  3 .6  Hz,
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1H), 1.15 (d, C4-CH3 , _J = 7.2 Hz, 3H), 1 .24 (dd, H - l ,  J_ = 9, 3 .6  Hz,
1H), 1 .39 (d,  C13-CH3 , ±  = 7 .4  Hz, 3H), 1 .49 (dd,  J. = 9, 3 ,6  Hz, 1H),
2.27  (dd,  H-5, J_ = 11, 8 Hz, 1H), 3 .74 (dd,  H-6 , ±  = 11, 9 Hz, 1H), 3.71
(m, H - l l ,  1H); MS jn/z_ ( r e l a t i v e  i n t e n s i t y )  252 ( . 5 ,  M+ ).  234 ( 6 . 0 ,  M
- 1 8 ) ,  81 (100) ,  55 ( 7 8 . 4 ) ,  41 ( 4 1 . 3 ) ,  29 ( 5 0 . 8 ) ;  IR (Cs l)  3350 (OH, 
COOH), 1685 ( c a r b o x y l i c  C=0) cm” *.
115
T »C I,  Py
6 3 * C , 2 4 h r *
V
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( l l , S ) - l g - t o s y l - e u d e s m - 3 - e n e - 1 2 , 6 a - l  a c tone  (119) .  To a s o l u t i o n  of 
d ihyd rosa n ta m ar ine  115 (2 g, 8 mmol) in 50 ml of dry p y r i d i n e  a t  65°C, 
was added 2.56  g (16 nmol) of  f r e s h l y  r e c r y s t a l l i z e d  p - t o l u e n e s u l f o n y l  
c h l o r i d e . 7® The r e a c t i o n  was al lowed t o  proceed f o r  24 hr a t  65°C, and 
then poured i n t o  i c e  w a t e r .  The r e a c t i o n  m ix ture  was e x t r a c t e d  wi th  
ch lo ro fo rm ,  washed wi th  w a t e r ,  b r i n e ,  and d r i e d  over  anhydrous Na2S04 . 
A f t e r  eva p o ra t io n  of  s o lv e n t  a crude  syrup was chromatographed on s i l i c a  
gel by e l u t i n g  with P.E . :Et0Ac ( 6 :4 )  t o  ob ta in  2.05 g (63%) of pure 
t o s y l a t e  119 as wh i te  c r y s t a l s ,  mp 155-158°C; *H WR (CDC13 ) 6 0 .95  ( s ,
C10"CH3» 3h)» i *20 (d > C11“CH3» 1  = 6*9 Hz» 1H)> 1*77 ( s .  C4-CH3 , 3H), 
2 .45 ( s ,  C4 '-CH3 , 3H), 3 .90  (dd, H-6 , J_ = 10 .6 ,  9 .9  Hz, 1H), 4 .51  (dd,  
H - l ,  J. = 9, 4 .7  Hz, 1H), 5.22 ( s ,  H-3, 1H), 7.34 (d, H - 2 ' ,  6 ' ,  J_ = 8 .0  
Hz, 2H), 7 .78  (d ,  H - 3 ' ,  5 ' , ^ =  8 .2  Hz, 2H); MS m/z ( r e l a t i v e  i n t e n s i t y )  
404 (M+, no t  o b s ) ,  249 ( . 7 ,  M-CH3C6H4S02- ) , 232 (100,  M-CH3CgH4S03H) , 91 




„ 6 5 * C , 2 4 h r »
11Z116
( l l S ) - l g - t o s y l e u d e s m - 4 ( 1 5 ) - e n o - 1 2 , 6 a  - l a c t o n e  (117) . To a 
s o l u t i o n  of  d ih y d ro re y n o s in  116 (270 mg, 1 .08 mmol) in 7 ml of  dry 
p y r i d i n e  a t  65°C, was added p - t o l u e n e s u l f o n y l  c h l o r i d e  (346 mg, 2 .16  
mmol). The r e a c t i o n  was al lowed  to  proceed f o r  24 hr  a t  65°C, and then 
poured i n t o  i c e  w a te r .  The r e a c t i o n  mix ture  was e x t r a c t e d  with 
ch lo ro fo rm  (2 x 25 ml) ,  washed wi th  w a te r ,  b r i n e ,  and d r i e d  over  
anhydrous Na2S04 . A f t e r  e v a p o ra t io n  of  t h e  s o l v e n t ,  a crude  syrup was 
chromatographed on s i l i c a  gel by e l u t i n g  with P.E. :EtOAc (6 :4 )  t o  get 
239 mg (54.1%) o f  117, mp. 113 115°C; *H NMR (CDC13 ) 6 0 .86 ( s ,  C10-CH3 , 
3H), 1.21 (d, Cn -CH3 , J_ = 6 .9  Hz, 3H), 2 .45  ( s ,  C4 ' -CH3 , 3H), 3 .98  ( t ,  
H-6 , 2 =  10.4 Hz, 1H), 4 .4 0  (dd,  H - l ,  5 .5  Hz, 1H), 4 .97  , 4 .84  ( 2 s ,  
C4=CH2 , 2H), 7.34 (d,  H - 2 ' , 6 ' ,  J_ = 8.2 Hz, 2H), 7 .78 (d,  H - 3 ' ,  5 ' ,  J_ =
8 .2  Hz, 2H); MS m/z ( r e l a t i v e  i n t e n s i t y )  404 (M+ , no t  o b s ) ,  232 (100,  M- 
CH3C6H4S02- ) ,  159 ( 5 5 . 7 ) ,  158 ( 5 6 . 2 ) ,  91 ( 8 5 .9 ) ;  IR (CHC13 ) 2942, 1775
( y - l a c t o n e ) ,  1355, 1180, 930 cm"**
OTs
m -  C P B A ,
120119
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( l lS ) -3 a -E p o x y - lg - to s y 1 e u d es m a n o -1 2 ,6 o t - l a c to n e  ( 120 ) .  A mix tu re  
o f  119 (101 mg, 0 .25  mmol) and m-ch lo rope roxybenzoic  ac id  (55 .8  mg, 0 .32 
mmol) in dry CH2CI2 (10 ml) was a l lowed t o  s tand  a t  room tem p e ra tu re  fo r  
72 h r .  The r e a c t i o n  m ix ture  was washed wi th  5% aqueous ^ 6 0 3  s o l u t i o n ,  
a s a t u r a t e d  NaHC03 s o l u t i o n ,  b r i n e ,  d r i e d  over  anhydrous ^ S O ^ ,  and 
c o n c e n t r a t e d  in vacuo t o  give 99 mg (94%) of  120 as whi te  c r y s t a l s  which 
were t r i t u r a t e d  with e t h e r ,  mp 122-124°C (dec ) ;  NMR (CDCI3 ) 6 0 .99  
( s ,  C10-CH3 , 3H), 1.21 (d,  Cn -CH3 , J_ = 6 .8  Hz, 3H), 1.43 ( s ,  C4 -CH3 , 
3H), 2 .46 ( s ,  C4 ’-CH3 , 3H), 2 .94 (d, H-3, J_ = 3.4  Hz, 1H), 3 .88 ( t ,  H-6 , 
J_ = 10.3 Hz, 1H), 4 .27 (dd, H-1,_J  = 9 .8 ,  6 .6  Hz, 1H) 7.35 (d,  H-2 ' ,  6 ' ,  
J_ = 8 .0  Hz, 2H), 7.77 (d,  H -3 ‘ , 5 ' ,  J_ = 8 .0  Hz, 2H); MS, m/z, ( r e l a t i v e  
i n t e n s i t y )  420 ( . 4 ,  M+ ) ,  248 ( 2 4 .0 ,  M-CH3C6H4S03H), 156 ( 2 4 . 3 ) ,  172 
( 2 6 .6 ,  CH3C6H4S03H), 91 (100, CH3CgH5) ;  IR (CHC13 ) 2920, 1775 (y-  
l a c t o n e ) ,  1350, 1170, 920, 850 cm"*.
P r e p a r a t i o n  of aluminum i s o p r o p o x i d e ^
27.5  g of c lean aluminum f o i l  was added t o  0 .5  g of  mecuric c h l o r i d e  and 
300 ml of  anhydrous i so p ro p y l  a l c o h o l .  The m ix ture  was r e f l u x e d  on a 
w a te r  bath under n i t r o g e n  a tmosphere .  2 ml of  carbon t e t r a c h l o r i d e  was 
added as  a c a t a l y s t  when th e  r e a c t i o n  m ix tu re  was b o i l i n g .  The r e a c t i o n  
m ix tu re  t u rn e d  grey and ,  w i th in  a few m in u te s ,  a v igorous e v o lu t io n  of  
hydrogen gas commenced. H ea t in g  was d i s c o n t i n u e d  and r e a c t i o n  f l a s k  was
al lowed t o  be coo led  in i c e w a t e r .  A f t e r  t h e  r e a c t i o n  was l e s s  vigo rous
t h e  r e a c t i o n  m ix ture  was r e f l u x e d  u n t i l  a l l  metal was r e a c t e d  (6-12
h r ) .  The r e a c t i o n  m ix tu re  became dark because of  the  p resence  of
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suspended p a r t i c l e s .  A f t e r  c o o l ing  of  t h e  r e a c t i o n  m ix tu re  isop ropy l  
a lcoho l  was removed under  water  pump p r e s s u r e .  The aluminum 
i so p ro p o x id e  passed over  as a c o l o r l e s s  v i scous  l i q u i d  a t  140-150°C/12 
mm.; the  y i e l d  was 190 g. The r e s u l t i n g  molten aluminum iso p ro p o x id e  





( l l S ) - l g - t o s y l - 3 - h y d r o x y e u d e s m - 4 ( 1 5 ) - e n o - 1 2 ,6 c t  -1 ac to n e  (111) .  A 
s o lu t i o n  of  120 (390 mg, 0 .93  mmol) in anhydrous t o lu e n e  (50 ml) was
r e f l u x e d  wi th  aluminum iso p ro p o x id e  (388 mg, 4 .64  mmole), under  n i t r o g e n  
f o r  10 h r .  A f t e r  f u r t h e r  a d d i t i o n  of  aluminum iso p ro p o x id e  (400 mg,
4*78 mmole), t h e  r e f l u x  was con t inued  f o r  10 h r .  The s o lv e n t  was 
removed from the  r e a c t io n  m ix tu re  under  reduced p r e s s u r e .  The r e s i d u e  
was s t i r r e d  wi th  a m ix tu re  of  e thy l  a c e t a t e  (20 ml) and 2M HC1 (20 ml) 
u n t i l  t h e  r e s i d u e  was d i s s o l v e d .  The o rgan ic  l a y e r  was s e p a r a t e d  and th e  
aqueous l a y e r  was e x t r a c t e d  wi th  e thy l  a c e t a t e  (2 x 30 ml) .  The 
combined o rgan ic  l a y e r s  were washed s u c c e s s i v e l y  wi th  a s a t u r a t e d  NaHC03 
s o l u t i o n ,  b r i n e ,  and c o n c e n t r a t e d  in vacuo t o  f u r n i s h  pu re  111 (370 mg,
95%) as  a c r y s t a l l i n e  m a t e r i a l ,  which was r e c r y s t a l l i z e d  from e t h e r ,  mp 
173-175°C (d e c ) ;  *H NMR (CDC13 ) 6 0 .84  ( s ,  C10-CH3 , 3H), 1.21 (d ,  Cn -  
ch3 , J_ = 6 .8  Hz, 3H), 2 .30  (dq, H - l l ,  J_ = 13 .0 ,  6 .8  Hz, 1H), 2 .46  ( s ,  
C4 ‘-CH3 , 3H), 2 .68  (d ,  H-5, ±  = 10 .5  Hz, 1H),- 3 .97  ( t ,  H-6,  = 10.5 Hz,
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1H), 4 .28  ( b r t ,  H-3, J_ = 2 .8  Hz, 1H), 4 .82 (dd, H - l ,  J_ = 10 .5 ,  5 .2  Hz, 
1H), 4 .9 8 ,  5 .15 (2br  s ,  C4 -CH2 , 2H), 7 .40  (d,  H - 2 ' ,  6 ' ,  J_= 8 .2  Hz, 2H), 
7 .80  (d,  H-31, 5 ‘ , J_ = 8 .2  Hz, 2H); MS, m/z_ ( r e l a t i v e  i n t e n s i t y )  420 
(M+, no t  o b s ) ,  250 ( . 4 ) ,  172 ( 4 9 . 5 ) ,  107 ( 3 7 . 7 ) ,  91 (100) ,  65 ( 3 0 .1 ) ;  IR 
(CHC13 ) 3480 (OH), 2940, 1768, ( y - l a c t o n e ) ,  1358, 1183 cm’ 1 .
M « O H
HO'
o
( l l S ) - l e  - t o s y l -3 - h y d ro x y e u d e s m a n o - 1 2 ,6 a - l a c t o n e  (121) .  A mix tu re  
of  111 (51.1 mg, 0 .12  mmol), methanol (10 ml) ,  P t0 2 (14 mg), and
a c t i v a t e d  charcoa l  powder (30 mg) was s t i r r e d  under  1 atm of  hydrogen 
f o r  1 h r .  The f i l t e r a t e  was c o n c e n t r a t e d  in vacuo t o  give pure 121 (99% 
y i e l d )  as white  c r y s t a l s ,  mp 137 -138 .5°C; 1H NMR ( 00013 ) 6 0 .96 ( s ,  C^g- 
CH3 , 3H), 1.07 (d,  C4-CH3 , J_= 6 .8  Hz, 3H), 1.13 (d ,  Cn -CH3 , J_ = 6.9  
Hz, 3H), 2 .45  ( s ,  C4 '-CH3 , 3H), 3 .77 (br  s and t ,  H-3, 6 , 2H), 4 .69  (dd,  
H - l ,  J_ = 10 .5 ,  6 .3  Hz, 1H), 7.34 (d,  H-2‘ , 6 ' ,  = 8 .2  Hz, 2H), 7 .80  (d,
H - 3 ' ,  5 ‘ , J_ = 8.2 Hz, 2H); MS, mjz_ ( r e l a t i  ve i n t e n s i t y )  422 ( . 5 ,  M+ ),
250 ( 6 1 . 8 ) ,  159 ( 5 4 . 4 ) ,  152 ( 3 3 . 4 ) ,  91 (100);  IR (CHC13 ) 3490 (OH),
2920, 1772 ( y - l a c t o n e ) ,  1365, 1185, 940 cm"1.
HO>
r t f  lux
111117
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(1 IS ) - l3 - to s y 1 -3 -h y d ro x .y e u d e s -4 (  15 ) - e n 0 - 1 2 , 6 g - l a c to n e  ( 111) .  A 
m ix ture  of t h e  t o s y l a t e  of  d ihydro reynos in  (200 mg, 0 .495 mmol), 
se len ium  d io x id e  (65 .9  mg, 0 .594 mmol), and 20 ml of dioxane was 
r e f l u x e d  f o r  3 h r ,  f i l t e r e d  hot  through C e l i t e ,  and th e  r e s i d u e  on the  
funnel  was washed wi th  a l i t t l e  d ioxane .  A f t e r  c o n c e n t r a t i o n  of the  
f i l t r a t e  in vacuo, colurm chromatography of crude syrup on s i l i c a  gel 
r e s u l t e d  in 112 mg (54%) of  pure t o s y l  a lcohol  111. The 1H NMR da ta  
were i d e n t i c a l  wi th  t h o s e  of compound 111 which was p r e v i o u s ly  o b t a in e d  
from 120 wi th  aluminum i s o p r o p o x id e .
HO'
t - B u O K .
t - B u O H  
I h r ,  5 0 * C
1 5 -0x o -s a u s su re a  l a c t o n e  (112) .  T o s y l a t e  111 (180 mg, 0 .43  mmol) 
was d i s s o l v e d  in 5 ml o f  dry t - b u t y l  a l c o h o l .  The s o lu t i o n  of ca .  3 
e q u i v a l e n t  of po tass ium  t - b u t o x i d e  in t - b u t y l  a lcohol  was added. A 
whi te  p r e c i p i t a t e  s t a r t e d  t o  form imm edia te ly .  A f t e r  s t i r r i n g  f o r  1 hr  
a t  50°C, t h e  r e a c t i o n  m ix tu re  was a c i d i f i e d  with 5% HC1 and then wa te r  
was added t o  break the  emuls ion .  The r e a c t i o n  m ix ture  was e x t r a c t e d  
w i th  ch lo ro fo rm ,  washed wi th  w a te r ,  b r i n e ,  d r i e d  anhydrous Na2S0^ ,  and 
c o n c e n t r a t e d  in vacuo t o  y i e l d  crude m ix tu re .  The crude  was s e p a r a t e d  
on p r e p a r a t i v e  l a y e r  chromatography (PLC) t o  give 20 mg (22%) of  pure 
a ldehyde  112, mp 133-135°C;1H NMR (CDC13 ) 6 1 .02 ( s ,  C10-CH3 , 3H), 1 .24 
(d,  Cn -CH3 , _J = 6 .8  Hz, 3H), 1 .63 (m, H-8 , 9,  4H), 2 .36  (dq, H - l l ,  J_ = 
1 3 .3 ,  6 .8  Hz, 1H), 3 .00  (d,  H-5, J_ = 10 .8  Hz, 1H), 4 .20  (dd,  H-6 , J_ -
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1 0 .8 ,  9 .8  Hz, 1H), 4 .89  (dd,  H-2a,  J_ = 11, 1 Hz, 1H), 4 .80 (dd, H-2b, J_ 
= 17, 1 .0  Hz, 1H), 5 .69  (dd,  H - l ,  J _ = 17, 11 Hz, 1H), 6 .2 3 ,  6 .25 (2 s ,  H- 
1 5 a ,b ,  2H), 9.44 ( s ,  C^-a ldehyde ,  1H), MS, _m/z_ ( r e l a t i v e  i n t e n s i t y )  250 
( . 3 ,  M+ ) , 175 ( 7 4 . 5 ) ,  91 ( 7 3 . 7 ) ,  81 (100) ,  79. ( 7 2 . 7 ) ;  IR (CHC13) 2912, 
1771 ( y - l a c t o n e ) ,  1682 cm"1 ( a ,3 - u n s a t u r a t e d  a ld e h y d e ) .
OTs OTs
121a119
Hydroborat ion of  t o s y l a t e  (119) .  To a 3-necked 100 ml f l a s k  
equipped wi th  s t i r r e r ,  thermomete r ,  t o s y l a t e  (305 mg, 0 .75  mmol) in THF 
(25 ml) was added under  n i t r o g e n .  The b o r a n e - t e t r a h y d r o f u r a n  (0 .28  ml, 
1M, 1.1 e q u i v . )  complex was added and s t i r r e d  a t  room t e m p e ra t u re  f o r  3 
h r  and the  1 ml of w a te r  was added t o  quench the  r e a c t i o n .  The a l k a l i ,
0 .1  ml of  3M sodium h y d rox ide ,  was added,  fo l lowed by t h e  slow dropwise 
a d d i t i o n  of  0 .1 ml of  30% hydrogen perox ide  at  a r a t e  t h a t  t h e  
t e m p e ra tu re  d id  no t  r i s e  above 50°C. The s o l u t i o n  was a c i d i f i e d  wi th  5% 
HC1, e x t r a c t e d  with ch lo roform  (2 X 25 ml) .  The combined e x t r a c t s  were 
washed wi th  w a te r  and b r i n e .  The s o lu t i o n  was d r i e d  over  anhydrous 
sodium s u l f a t e  and th e  ch lo ro fo rm  was removed by e v a p o ra t io n  in vacuo t o  
ge t  t h e  m ix tu re  of  two compounds, s t a r t i n g  m a t e r i a l  119 (120 mg) and 
impure d e s i r e d  p r o d u c t ,  a lcoho l  121a (17 mg), y i e l d  5.4%.
so*c
3W :o o hHO'
HO"
Hemiacetal  (142) .  Pure t o s y l  a lcohol  121 (145 mg, 0 .344 rmiol) was
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d i s s o l v e d  in t - b u t y l  a lcohol  (15 m l) ,  t h e  s o lu t i o n  of  ca .  3 e q u iv a l e n t  
of  po tass ium t - b u t o x i d e s  in t - b u t y l  a lcoho l  was added dropwise under  
n i t r o g e n .  A whi te  p r e c i p i t a t e  formed immedia te ly ,  t h e  s o lu t i o n  was 
s t i r r e d  f o r  3 hr  a t  55°C, a c i d i f i e d  with 5% HC1 and w a te r  was added to  
d i s s o l v e  t h e  wh i te  p r e c i p i t a t e .  The s o lu t i o n  was e x t r a c t e d  with 
ch lo ro fo rm ,  washed wi th  w a t e r ,  d r i e d  over  anhydrous ^ S O ^ ,  and 
ev a p o ra te d  in vacuo t o  p rov ide  hemiace ta l  142 (60 mg, 70%), mp 161-
163°C; XH NMR (CDC13 ) 6 1.04 ( s ,  C10-CH3 , 3H), 1 .08  (d,  C4-CH3 , J_ = 6 .8  
Hz, 3H), 1 .18 (d,  Cn -CH3 ,_ J  = 7.0  Hz, 3H), 2 .30  (m, H - l l ,  1H), 3 .73 
(dd, H-6, J_ = 10 .5 ,  9 Hz, 1H), 4 .85 (d,  H-2b, J_ = 1.8  Hz, Hz, 1H), 4 .96  
(d ,  H-3, J_ = 4 .0  Hz, 1H), 5 .02 (d, H-2b, J_ = 4 .0  Hz, 1H), 5 .18 (b r  s ,  
COOH), 5 .70 (dd,  H - l ,  J_ = 10, 8 Hz, 1H); MS, jn/z_ ( r e l a t i v e  i n t e n s i t y )  
268 ( 2 . 7 ,  M+ ) ,  250 ( 4 . 6 ,  M-18) , 148 (100) ,  149 ( 8 3 . 2 ) ,  93 ( 6 7 . 2 ) ,  81 
( 5 7 . 0 ) ;  IR (CHC13 ) 3270 (OH), 2910, 1710 ( c a r b o x y l i c  C=0), 1176, 995
COOH:o o h AcO'HO
143142
A c e t y l a t i o n  of a c id  (142) .  To 10 mg of  a c i d ,  2 ml of  AcgO and a 
few drop of  p y r i d i n e  was added and s t i r r e d  a t  room t e m p e ra tu re  f o r  1 h r .  
a f t e r  e v a p o ra t io n  of  AC2O, p y r i d i n e  gave a c e t a t e  143 as whi te  
c r y s t a l s .  *H NMR (80 MHZ, CDC13 ) 6 1 .05  ( s ,  C10-CH3 , 3H), 1 .09  (d ,  C4- 
CH3 , J. = 6 .8  Hz, 3H), 1 .16  (d,  Cn -CH3 , J_ = 7.0  Hz, 3H), 2 .06 ( s ,  OAc. 
3H), 2 .87  (m, H - l l ,  1H), 3 .69  ( t ,  H-6, J_ = 10.5 Hz, 1H), 4 .88  ( t ,  H-2b,
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J_ = 1.8  Hz, 1H), 5.06 (d ,  H-2a,  J_ = 4 .0  Hz, 1H), 5 .75 (dd, H - l ,  J_ = 10, 
8 Hz, 1H), 5 .79 (d,  H-3, ^  = 4 .0  Hz, 1H); MS, m/z_ ( r e l a t i v e  i n t e n s i t y )  
310 ( . 1 ,  M+ ),  265 ( 1 . 8 ,  M-45) , 249 (4 6 .7 ,  M-59), 233 (100) ,  148 ( 7 5 . 5 ) ,  
81 ( 5 0 . 1 ) .
OTs OTs
133119
S i n g l e t  oxygen r e a c t i o n  of  t o s y l a t e  (119) .  A s o l u t i o n  o f  88 mg 
(119, 0 .219 mmol) and a few m i l l ig ra m s  of  t e t r a p h e n y l p o r p h y r i n  in 1 ml 
o f  ch lo ro fo rm  was i r r a d i a t e d  with a 650 wa t t  lamp ( S y lv a n i a ,  DWY 
Tungsten Halogen) in a w a t e r - c o o le d  immersion a p p a ra tu s  th rough  which 
oxygen was bubbled.  The r e a c t i o n  was monitored by TLC every 2 h r s .  
A f t e r  8 h r ,  t h e  s o lv e n t  was e va po ra te d  in vacuo and chromatographed on 
PLC t o  o b ta in  impure pe rox ide  133 as  a syrup  ( y i e l d :  10.5%);  *H NMR 
(CDC13 ) 1.10 ( s ,  C10-CH3 , 3H), 1.24 (d,  Cn -CH3 , = 7 .0  Hz, 3H), 1 .98
( s ,  C4-CH3 , 3H), 2 .45  ( s ,  C4 '-CH3 , 3H), 4 .20  (b r  s ,  H-3, 1H), 4 .49  (d ,
H - l ,  J_ = 10 Hz, 1H), 4 .75  (dd,  H-6, J_ = 13, 5 Hz, 1H), 7 .36 (d,  H - 2 ' ,
6 ' ,  J_ = 8.2  Hz, 2H), 7 .80  (d, H - 3 ' ,  5 ' ,  d_ = 8.2  Hz, 2H); MS, m/z
( r e l a t i v e  i n t e n s i t y )  436 (M+ , no t  o b s ) ,  420 ( 1 . 4 ,  M-0),  107 ( 3 0 . 4 ) ,  91 
( 100) ,  55 ( 2 8 . 4 ) ,  28 ( 3 3 . 8 ) .
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